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Notice

1. Allinformation included in this document is current as of the date this document isissued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

2. Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

3. You should not ater, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

4, Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

5. When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

6.  Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

7. Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’ s quality grade, as
indicated below. Y ou must check the quality grade of each Renesas Electronics product before using it in a particular
application. Y ou may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shal not bein any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visua
equipment; home electronic appliances, machine tools; personal electronic equipment; and industrial robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medica equipment or

systems for life support (e.g. artificial life support devices or systems), surgica implantations, or healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

8. You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

9.  Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

10. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

11. Thisdocument may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics’ as used in this document means Renesas Electronics Corporation and also includes its majority-
owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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Description

The M61880FP isalaser diode driver/controller that performs drive and laser power control of a type of semiconductor
laser diode in which the semiconductor laser diode anode and monitoring photodiode cathode are connected to the stem.

The M61880FP has a sink type laser drive current output pin, is capable of high-speed switching at up to 200 Mbps,
and can drive alaser diode at a maximum drive current of 100 mA (drive current = switching current + bias current).

A high-speed sample-and-hold circuit is incorporated, enabling a self-APC* system to be implemented without the
need for laser power control from outside.

* Automatic Power Control

Features

e On-chip saf-APC sample-and-hold circuit
High-speed sampling circuit
APC 1% variance response time = 1 us (C = 0.047 pF)
High-impedance hold circuit
(1% error or lessat C = 0.047 pF, t =1 ms)

» High-speed switching (200 Mbps max.)

e High drive current (100 mA max.)

e Biascurrent settable (40 mA max.)

» 5V single power supply

Application

Semiconductor laser diode application systems (LBPs, PPCs, optical communications, measuring instruments, etc.)

Pin Configuration (Top View)

Switching current setting
resistance connection pin RS { O El Veez Power supply 2
Ground 1 GND1 |Z E—» RO Laser current load output
Bias current setting resistance 18| NC
connection pin Rs <—E :l
Bias current setting voltage input Vs ﬂ = E—’ LD Laser current output
Reference voltage output  V/yef <_|E g El GND2 Ground 2
* Lo .
Reference voltage input Vi ﬁ = E|¢ PD Q/Iuorpétr?trlizglﬂhotodlode
o _
Hold capacitance connection pin CHQE 14[<=DATA  switching data input
Sample-and-hold control input  S/H ﬂ E‘L ENB  Laser current enable input
Power supply 1 Veel E E¢ 2RM Monitoring load resistance
NC @ :lll « 1RM [ connection pins

Package: 20P2N-A
NC: Not connected
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Block Diagram

Monitoring photodiode

current input Reference voltage
Monitoring load resistance output
connection pins Laser current Laser current
—r output load resistance
1RM  2RM PD Vref RO
- W—W —- @7% ? (@)
|
IPD
Reference )
. voltage
Reference voltage input Vr @—> Comparator sourge
Y | |
- Current switching itohi i
Sample-and-hold SIH @>—> Sample-and-hold circuit circuit @ DA Switching data input
control input
) ¢ ‘ {
Hold capacitance i Vcel Power supply 1
connection pin Cn (7 SW'tC:(')'Lgrcceu”e"t
Switching current setting Rs (1)< - (Isw) O Vcez Power supply 2
resistance connection pin 100mA max
|
A
GND1  Ground 1
\E/Sglatzcurrent setting Ve (4 »| Bias current
ge Input source
. ) (Is) GND2  Ground 2
Bias current setting R < O
resistance connection pin '~ 3 40m/; max
Laser current enable
3 ENB control input

Osw+I8=100mA (max)

VCC1, GND1: For IC internal analog system
VCC2, GND2: For IC internal digital system

Function Overview

The M61880FP is a semiconductor laser diode driver/controller that automatically performs drive and laser power
control of atype of semiconductor laser diode in which the semiconductor laser diode (L D) anode and monitoring
photodiode (PD) cathode are connected to the stem.

Laser power control operation is performed by connecting an external capacitance to the CH pin and applying a
reference voltage to the Vr pin.

The PD current resulting from LD light emission flows to a resistance connected between 1RM and 2RM, and
generates avoltage (VM). This VM voltage is compared with the voltage applied to the Vr pin, and if VM < Vr, the
current from the CH pin is taken as a source current and an external capacitance is charged.

If VM > Vr, the current from the CH pin istaken as a sink current and the external capacitance charge is discharged.

This operation is performed when S/H input = “L” and DATA input = “L” (sampling). When S/H input = “H”, the CH
pin goes to the high-impedance state (hold) irrespective of the state of VM, Vr, and the DATA input.

The LD drive current is composed of switching current |SW controlled by DATA input and LD bias current I1B
unrelated to the DATA input state.
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Pin Description

Pin No. Symbol Name Function
1 Rs Switching current setting Connects switching object current (ISW) setting resistance to GND.
resistance connection pin
2 GND1 Ground 1 Internal analog GND
3 RB Bias current setting Connects bias current (IB) setting resistance to GND.
resistance connection pin Leave this pin open when IB is not used.
4 VB Bias current setting voltage  Bias current value (IB) is set by applying a voltage to this pin.
input Leave this pin open when IB is not used.
5 Vref Reference voltage output M61880 internal reference voltage (1.5 V typ.) output pin
6 Vr Reference voltage input Connected to non-reversed input pin of comparator in sample-and-
hold circuit. Connect this pin to Vref pin when using M61880
internal reference voltage.
7 CH Hold capacitance Connects hold capacitance to GND. This pin is connected to
connection pin sample-and-hold circuit output and ISW current source input in
M61880.
8 S/H Sample-and-hold control Sampling when “H”, hold when “L”
input
9 Vcel Power supply 1 Internal analog power supply. Connected to positive power supply
(+5 V).
10 NC NC Not connected to internal circuitry.
11,12 1RM Monitoring load resistance  Connects load resistance for converting monitor photodiode current
2RM connection pins to voltage between 1RM and 2RM. (1RM pin is connected to GND
inIC.)
13 ENB Laser current enable input ~ When “H”, LD drive current source circuit is turned off. Also, CH
pin is forcibly fixed at “L” level.
14 DATA Switching data input ISW+IB current flows to laser diode when “+”, and IB current when
“H"
15 PD Monitoring photodiode Connects monitor photodiode anode.
current input
16 GND2 Ground 2 Internal digital GND
17 LD Laser current output Connects semiconductor laser diode cathode.
18 NC NC Not connected to internal circuitry.
19 RO Laser current load output Connects laser current load resistance to Vcc.
20 Vce2 Power supply 2 Internal digital power supply. Connected to positive power supply
(+5 V).
Operation

1. Laser drive current setting method
The laser drive current consists of switching current ISW + bias current IB.

(2) Switching current ISW setting method

a. Decide the maximum current value ILD(MAX) to flow in the laser diode (LD). Thisis decided taking account of
the LD type, dispersion, temperature changes, secular changes, etc.

b. Find ISW (initial set value) from the following equation.
ISW (initial set value) = ILD(MAX)/1.9

¢. Find switching current setting resistance RS from the following eguation.
Rs [kQ] = 30 x Vref (1.5V) [V] / Isw (initial set value) [mA]

In this case the LD current can be controlled in arange of 10% to 90% of ISW (initial set value).
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(2) Bias current I B setting method
Bias current IB [A] is set by deciding bias current setting resistance RB and bias current setting voltage VB.
I8 [A] = VB [A]/ Re [Q]
where 1.2 V <VB < Vcc - 2.7V, IB (max.) = 40mA

2. Switching operation
When DATA =*“L", the LD drive current is ISW+IB, and when DATA = “H", the LD drive current is|B.

3. ENB input
In laser drive current control by DATA input, the drive current to the laser is controlled when the M61880 internal
current source is on, while control by ENB turns LD drive current source operation on/off.

Power isturned on when ENB = “H”, and the current secureisturned off when ENB = “L”. When ENB =“H", the CH
pinisforcibly fixed at the“L” level, and the capacitor connected to the CH pin isforcibly discharged.

When changing the ENB pin from “H” to “L”, in order to prevent an abnormal current from flowing inthe LD, drive
the DATA pintothe“H” state, then wait 10 pusec or more after the ENB pin changes from “H” to “L” before changing
the DATA pin from“H” to “L".

4. Internal reset operation
The M61880 incorporates a reset circuit for preventing an overcurrent in the laser when power isturned on. Inthe
range VCC < 3.5V (typ.), theinternal current sourceisturned off and the CH pin isforcibly fixed at the “H” level.

5. RO pin
The RO pin connects the drive current load resistance, and a currently virtually equal to ISW flows from this pin.

The load resistance is connected between this pin and VVCC, thereby reducing power consumption in the IC.

For reasons relating to circuit operation, the voltage at this pin must be 2.5 V or higher. Therefore, if the maximum
value of 1ISW is designated 1SW(max.), maximum value RO(max.) of load resistance RO is as follows:

Vce (min.) [V] - 2.5 [V]
Isw (max.) [A]

For example, if VCC(min.) =4.75V and ISW(max.) = 100 mA, RO(max.) = 22 Q. That isto say, when the RS value
is set so that ISW isamaximum of 100 mA, RO must not exceed 22Q.

6. Sample-and-hold circuit
(1) Overview of circuit operation

Rs (max.) [Q] =

The operation of the sample-and-hold circuit incorporated in the M61880 is outlined below.

The PD current resulting from LD light emission flows to resistance RM connected between 1RM and 2RM, and
generates avoltage (VM). This VM voltage is compared with the voltage applied to the Vr pin, and if VM < Vr, the
current from the CH pinis taken as a source current and an external capacitance is charged. If VM > Vr, the current
from the CH pin istaken asasink current and the external capacitance chargeis discharged.

This operation is performed when S/H input = “L” and DATA input = “L” (sampling). When S/H input = “H”, the CH
pin goes to the high-impedance state (hold) irrespective of the state of VM, Vr, and the DATA input.
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Comparator

>

SIH—>

Reference voltage input
RM resistance generation voltage

Sample-and-hold control input

ENB

Control circuit

Discharging constant-
current source

SW1
Output (CH pin)
M) . __.
U
| SW2
CH External capacitance
}\ Trl

>

Conceptual Diagram of Sample-and-Hold Cir cuit

Operation Function Table

Input Switch State

ENB SH DATA VM, Vr  Swi SW2 Trl Output (CH Pin)

H X X X OFF OFF ON Fixed at “L”

L H X X OFF OFF OFF High-impedance state (hold)

L L H X OFF OFF OFF High-impedance state (hold)
L VM<Vr ON OFF OFF Current source (sample)

VM>Vr OFF ON OFF Current sink (sample)
X: Don't Care
(2) APC timing chart

An example of atiming chart of APC operation by means of the sample-and-hold control signalsis shown below.

In this example, acase is shown in which the direction of the CH pin leakage current in the hold state is assumed to be
the direction of flow to the M61880 (forward direction).

Power supply

ENB input

Sample

S/H input

DATA input

Hold

Sample

Sample

Hold

i
Hold E

Alp

Laser drive
current

e —

Example of Sample-and-Hold Type APC Circuit Operation Timing Chart
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7.VCC and GND pins

Power supply related pins are the VCC1 and VCC2 pins and the GND1 and GND2 pins. In terms of theinternal
circuitry , these are connected as follows. (Basicaly, asingle power supply should be used.)

VCC1, GND1: Connected to analog system.
VCC2, GND2: Connected to digital system.
The main points to be noted with regard to actual wiring are as follows.

(1) Make the wiring as wide as possible and avoid lengthy, circuitous wiring.
(2) Locate an electrolytic capacitor for voltage stabilization closeto VCC1 and GND1.
(3) Locate a bypass capacitor close to VCC2 and GND2.

Also ensure that M61880 power is supplied while laser diode power is being supplied.

Note on Wiring of Peripheral Elements

Peripheral elements necessary for M61880 operation should be located as close as possible to the M61880.

Power Consumption Calculation Method
M 61880 power consumption P is given approximately by the following equation:
P =Icc.x.Vcc.+.1(RO) x.V(RO) +.I(LD) xV(LD)
where V(RO): RO pin voltage V(LD): LD pin voltage
I(RO): RO pinload current I(LD): LD pin load current

For example, when VCC =5.25V, V(RO) =V(LD) =25V, and I(RO) = I(LD) = 100 mA, the power consumption
values when the laser is on and off are asfollows.

(1) When laser ison, (DATA =“L”, ICC = 55 mA)
PON = 55.x,5.25.+.0 + 100 x.2.5 = 538.8 (mW)

(2) When laser is off, (DATA = “H”, ICC = 55 mA)
PON = 55.x.5.25.+.100 x.2.5 = 538.8 (mW)
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Absolute Maximum Ratings

Item Symbol  Ratings Unit Conditions
Power supply voltage VCC -0.3to+5.5 \Y
Input voltage CH, Vvr Vi -0.3 to Vcc \%
DATA, ENB, S/H -0.3to Vce
Output voltage RO Vo -0.3to Vcc \%
Switching current Isw 120 mA
Bias current IB 50 mA
Power consumption Pd 980 mwW When mounted on board. When Ta = 25°C
(Note)
Storage temperature Tstg -60 to +150 °C

Note: When Ta = 25°C, 9.8 mW/°C derating should be applied.

Recommended Operating Conditions
(Unless otherwise noted, Ta=-20°C to +70°C)Absolute Maximum Ratings

Limits
Item Symbol Min. Typ. Max. Unit
Power supply voltage Vce 4.75 5.0 5.25 \%
Switching current Isw 100 mA
Bias current B 40 mA
Operating ambient temperature Topr -20 70 °C

Note: ISW+IB < 100 mA
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Electrical Characteristics
(Unless specified otherwise noted, VCC =5V +5%, Ta = -20°C to +70°C)

Limits
Item Symbo  Min. Typ. Max. Unit Test Conditions
I
“H” input voltage  DATA VIH 2.0 \Y
ENB, SH 2.0 Y
“L” input voltage ~ DATA VIL 0.8 \Y
ENB, S/H 0.8 v
Reference Vr Vr 0.35 15 2.0 \%
voltage input
Reference Vref Vref 1.4 15 1.6 \% lo = +10pA
voltage output Temperature 0.1 mV/°C  Ta=-20to 25°C
coefficient -0.1 Ta=251070°C
Operating LD VLD 2.5 Vcec \% ILD = 75mA
voltage range
Effective voltage CH VI 2.7 3.0 \%
upper limit
“H” output CH VOH Vce-1.6 \Y ENB = “L”, IOH = (-0.6mA)
voltage
“L” output CH VOL 0.6 Y, ENB =“L”, IOL = (0.6mA)
voltage
Input voltage DATA,ENB I 20 PA VI=2.7V
-0.2 mA VI=0.4V
Switching LD Isw 75 mA CH=3.5V, Rs =1.2kQ, VLD = 3V
current (Note)
Bias current LD B 20 mA VB = 1.4V, RB = 70kQ, VLD =3V
(Note)
Load charge CH Icg -0.2 -0.1 -0.66 mA ENB =“L", Vo = (0.6 to Vcc-1.6V)
current
Load discharge CH Idg 0.66 1.0 2.0 mA ENB =“L", Vo = (0.6 to Vcc-1.6V)
current
Off-state output CH loz -0.5 0.5 HA Vo =2.0to 3.0V, hold state
current
Off output LD LOFF 50 PA ENB = “L", DATA = “H", Isw = 50mA
current 50 PA ENB = “H”, DATA = “L", Isw = 50mA
Power supply Icc 43 63 mA Vce =5.25V, ENB= DATA=0V
current 43 63 0V, CH =25V, DATA = 4.5V
VB =15V, Rs =
820Q,RB=75Q
Ro =LD =5.0V

* Reference values are values when Ta = 25°C and VCC =5 V.
Note: These items indicate input voltage/output current conversion characteristics. The M61880 should be used with
ISW and IB within the Specification Value range given in “Recommended Operating Conditions.”
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Switching Characteristics
(Unless specified otherwise noted, Ta=25°C and VCC =5V)

Test Pins Limits
Item Symbol Input Output  Min. Typ. Max. Unit  Test Conditions
Operating frequency fop O 100 2.0 Mbps
LD current rise time (*) tr DATA LD 0 1.0 2.0 nsec ILD (H) = 50mA, ILD
voltage current (L) = 0mA
LD current fall time (*) tf DATA LD 1.0 nsec Rs=840Q, CH=
voltage  current 0.047pF, APC
adjustment; RM =
adjustment
(CH =2.5V), Vr =
1.5V (Note 1)
APC circuit response time 1 tRP1 vr LD 1 pusec  ILD (H) = 50mA, Rs =
. . voltage current 840Q, CH = 0.047pF,
(1% va.nan.ce responsg time) DATA = OV
APC circuit response time 2 tRP2 Vr LD 3 MSeC  Apc adjustment; RM
(50% variance response time) voltage  current = adjustment
(CH = 2.5V), Vr =
1.5V + 0.5% (Note 1)
Circuit on time tON ENB LD 350 pusec  ILD (H) = 50mA
voltage current (Note 2)
Circuit off time tOFF ENB LD 5 pec  ILD (H) = 50mA
voltage current (Note 2)
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Note 1: Test Circuit

Oscilloscope (input)

Vcc

Oscilloscope (output)

Current probe

1RM DATA [0—— r@ Oscilloscope (input)
RM g SHH ke
o sepd e

Other pins open GND 5097%

DATA voltage

90% % ”””””” Lo ()
—_10% 10% N ——- - - -

LD voltage > >
1.5V 0% 1.5V * variance amount
Vr voltage | Y
TrP1 (TRP2) TrP1 (TRP2)
ILD (H)
LD current
ILb ()
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Note 2: Test Circuit

Vcc
CH
0.047pF ; Oscilloscope (output)
/e
1.5VOo——Vr
840Q
Rs
W Current probe
SH 0) Oscilloscope (i
2 pe (input)
g 1RM DATA FO
RM
2RM ENB
Other pins open GND
3V
EBN voltage 1.5v
ov
Ton
ILD (H)
90%
LD current

ILo ()
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Application Example
1. Example of sample-and-hold type self-APC circuit

Connected to prevent overshoot and undershoot when
LD current rises and falls. Optimal values depend on 5V
the type of laser used and the board pattern. -©-Vce

= 0.047uF
ik

100 “---1& 2RM 1RM
Vcee2 GND2 — —
Digital | RO ;\‘g LD Digital K\PD D/ALA '5/’1“\3
e— — & ) T/ © T f
+ |-
P TTL input
<
Isw COMP,
7. Charge/
discharge
Y control circuit]
i A
2.5V
Reference
50k voltage
1.5V
Ar
O—C—C—O)———®
-/ &/ N &/ &/ veel
Ve Vref Vr CH S/H C
Analog
=
5V

2. Example of controlling sample-and-hold circuit by means of DATA signal

When the M61880 is used in optical communications, etc., (when the S/H signal cannot be supplied), the DATA signal
can be used as a sample-and-hold control signal.

In this case, the S/H pin should be fixed at “L”. If value CH of the hold capacitor connected to the CH pin is 0.047pF,
switching at around 20 Mbpsis possible.

3. Examples of varying LD switching drive current by means of external control
(1) Varying the monitoring load resistance value (resistance connected between pins 11 and 12)

The LD drive current can be varied by varying the resistance between pins 11 and 12 in the circuit in 1. above.
(2) Varying the voltage applied to the Vr pin

The LD drive current can be varied by applying an external voltage (within the reference voltage input range) to pin
6 inthecircuitin 1. above. A maximum multiplication factor of 2/0.35 = 5.7 times can be obtained as the LD drive
current ratio in this case.
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4. Example of sample-and-hold type self-APC circuit
(Controlling two laser diodes)

Vee2
Digital

M61880FP-1

GND2

Digital PD DATA

ENB

ITTL inputjo=—

Isw

COMP

Charge/

Vee2
Digital

M61880FP-2

Esv

Reference
voltage

discharge

[control circuit]

GND2
Digital

Veel NC
Analog

ITTL inputjo<-

Isw

Charge/

Esv

Reference
voltage

discharge

[control circuit]

COMP

Veel NC

1.5kQ Analog
Rvr2 -©-
5V
Sample-and-Hold Timing
M61880FP-1 HOLD
S/H input | I
M61880FP-2 & HOLD
S/H input | I

Sampling

———» Start of data transfer
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Sample-and-Hold Type APC Operation

A timing chart for a case where a sample-and-hold type APC circuit is configured using an M61880FP (Figure 1) is
shown in Figure 2 on the following page.

The operation of a sample-and-hold type APC circuit will be described here using the timing chart in Figure 2. Itis
assumed that the laser drive current is set to 50 mA (bias current = 0 mA), and the values shown in Figure 1 are used as
constants required for calculation purposes.

5v
-&-Vce
r - T 71
100pF ! !
5v 360 | IPo
Vcce2 100 GND2
Digital | ro NC LD Digital | pp DATA ENB  2RM RM  |1rM
2 = 2
120) 9 18) 7 \16) 15) 13) \T/ ﬁ

i
Lo

TTL input

g

COMP,

Isw
+ Charge/
discharge
Z control circuit

5 2.5V
Y
* Reference
- voltage
; \ ) ) () ) (o) a0)
: 2 O—O——© 9 )—10
Rs Vr CH SIH L
Analog
i0.047uF
5V

Figure 1 Example of Sample-and-Hold Type APC Circuit Application

1. Initial sampling period (T1)

When sampling starts, the CH pin voltage is 0 V, and therefore the laser diode (LD) is not emitting light. Consequently,
the voltage of the COMP input pin (pin 12) isalso 0 V. Next, COMP starts charging the hold capacitor connected to

CH (current also starts flowing in the LD in proportion to the rise of the CH pin voltage, and the pin 12 voltage also
rises), and charging is performed until the pin 12 voltage reaches comparison voltage Vr.

In this case, the CH pin voltage rises from 0 V to VCH due to the M61880FP’'s CH pin load charge current (Icg). Time
t required for thisis given by the following equation.

= ————— Equation (1)

In Equation (1), if CH = 0.047uF, VCH = 2.5V, and Icg = 0.66 mA (*), thent = 178us.
* Minimum Icg specification valuein “Electrical Characteristics’ in this Specification.
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2. Hold periods (T2, T4)

In these periods, the CH pin goes to the high-impedance state. However, the charge current does not become absolutely
0, and adlight leakage current is present. The hold capacitor is charged or discharged by the CH pin off-state |eakage
current (10z).

Assuming that aleakage current (10z) is generated in the direction in which the hold capacitor is discharged, the change
in the CH pin current (AV) is given by the following equation.

_ _loz (0.5pA) x T2 (4)

av CH x (0.047pF)

............................ Equation (2)

(T2(4) is the hold time.)
When the CH pin voltage decreases by AV, the laser drive current also decreases.

3. Sampling periods (T3, T5)
In these periods, the LD light quantity that changed during ahold period (T2, T4) is corrected.

Taking only the influence of the CH pin leakage current into consideration (actually, LD temperature variations also
have an effect), making substitutions of 10z = 0.54A, T = 1 ms, and CH = 0.047uF in Equation (2) gives aresult of AV
=10 mV.

The time required to compensate for this AV value (10 mV) is given by the following equation.

CH x AV .
= ———————
icg Equation (3)

From Equation (3), t = 0.7ps.

Power supply

T2 T3 T4

B
|
§/H input Sample H0|d Sample HOld Sample HOld i
: I | | | I : :
— nisll 1 o
S A | L
DATA input | | | ! | ‘
I ! * | o — — T T
| | | |
A l L L o
| 1 1 Alp ! ! : ! : |
| | | ] 1T - = — p— T s B — p—— = — — — 5 |
) ‘ |
Laser drive Co | | \
current U oL || L ! ! ‘
| |
| | | | |
' ' | | !
| | !
| I
| | !

Figure 2 Sample-and-Hold Type APC Circuit Operation Timing Chart
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Description of Laser Switching Current Setting Cir cuit

Vce

___________________________________ ‘
Switching current initial "
setting circuit 1:1 ¢ ‘
|
‘ [~ DLY lswi ¥ D2 + Ve
} } | Isw2
2Xlswoy 4 | 2XlIswo vy o
77777777777777 f— | T |
l Ty ! l !
| AMP1 | 1, Y L2
w w \/ Y
| . | P
1.5V Q1 Q2

| 1 | Iswz Vi *‘\\_‘ V2
| |
| |
| |

|

|

|

|

|

2.5V 2kQ
) S

Current SW

' Switching current varying circuit
T

Figure 1 Switching Current Setting Equivalent Cir cuit

1. Switching current initial setting circuit
The switching current initial set value is set by switching current setting resistance Rsin aV-I conversion circuit using
an op-amp.
Vref (1.5V
Iswo [mA] = 30 x & ............................ 1)
Rs [kQ]
2. Switching current varying circuit
If the potential difference between the CH pin voltage and internal reference voltage is designated AV (= VCH —2.5V),
Id flowing in a2 kQ resistance due to thisAV voltageis as follows.

AV
ld= —— 2
2kQ @

Therefore, the |1 and 12 currents are given by the following equations.

I1=250 pA-ld 3)
12 = 250 pA-Id

Next, the relationship between 11, 12, ISW1, and ISW2 due to a Gilbert circuit comprising D1, D2, Q1, and Q2, isgiven
by the following equation.

11 Iswl
TR (4)

12 Isw2

Also, the relationship between ISW1, ISW2, and ISWO0 is given by the following equation.
ISWl + ISW2 =2 ¢ ISWO  .oooiiiiiiieieeee 5)
Finding ISW2 from Equations (4) and (5),

11
ISw2 =2 [SWOX ———— ... (6)
11+12
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Meanwhile, |SW can be expressed as follows.

Isw =2 elIswo-Isw2 . ©)
The relationship between ISW and AV isfound as shown below.
Substituting Equation (6) in Equation (7),

Isw=2s Iswo(ﬁ) ............................ (8)

and further substituting Equation (3),

Id
ISW = ISWO (1+————) coerrrrrrrrreerircins 9
( 250A ) ©)

Next, substituting Equation (2) gives the relationship between ISW and AV as follows.

AV/I2kQ
ISW = ISWO (1+————) oo (10)
250pA
A characteristic curve of the CH pin voltage and switching current is shown toward the end of “Electrical Characteristic
Graphs’ following.
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Electrical Characteristic Graphs
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CH Pin Voltage - Switching Current APC Comparator
Characteristic Input Voltage - Offset Voltage Characteristic
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Package Dimensions
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RenesasTech nology COI‘p. Sales Strategic Planning Div. Nippon Bldg., 2-6-2, Ohte-machi, Chiyoda-ku, Tokyo 100-0004, Japan

Keep safety first in your circuit designs!
1. Renesas Technology Corp. puts the maximum effort into making semiconductor products better and more reliable, but there is always the possibility that trouble
may occur with them. Trouble with semiconductors may lead to personal injury, fire or property damage.
Remember to give due consideration to safety when making your circuit designs, with appropriate measures such as (i) placement of substitutive, auxiliary
circuits, (ii) use of nonflammable material or (i) prevention against any malfunction or mishap.

Notes regarding these materials
. These materials are intended as a reference to assist our customers in the selection of the Renesas Technology Corp. product best suited to the customer's

application; they do not convey any license under any intellectual property rights, or any other rights, belonging to Renesas Technology Corp. or a third party.
. Renesas Technology Corp. assumes no responsibility for any damage, or infringement of any third-party's rights, originating in the use of any product data,
diagrams, charts, programs, algorithms, or circuit application examples contained in these materials.
All information contained in these materials, including product data, diagrams, charts, programs and algorithms represents information on products at the time of
publication of these materials, and are subject to change by Renesas Technology Corp. without notice due to product improvements or other reasons. It is
therefore recommended that customers contact Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor for the latest product
information before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.

Renesas Technology Corp. assumes no responsibility for any damage, liability, or other loss rising from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corp. by various means, including the Renesas Technology Corp. Semiconductor
home page (http://www.renesas.com).
4. When using any or all of the information contained in these materials, including product data, diagrams, charts, programs, and algorithms, please be sure to
evaluate all information as a total system before making a final decision on the applicability of the information and products. Renesas Technology Corp. assumes
no responsibility for any damage, liability or other loss resulting from the information contained herein.

Renesas Technology Corp. semiconductors are not designed or manufactured for use in a device or system that is used under circumstances in which human life
is potentially at stake. Please contact Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor when considering the use of a
product contained herein for any specific purposes, such as apparatus or systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater
use.
The prior written approval of Renesas Technology Corp. is necessary to reprint or reproduce in whole or in part these materials.

If these products or technologies are subject to the Japanese export control restrictions, they must be exported under a license from the Japanese government and
cannot be imported into a country other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the country of destination is prohibited.
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