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¢ Features /
F0522501Q

* Up to 2.7 Gb/s (FEC available) 2.7 Gb/s NRZ Data Rate
high speed operation

* Clocked (MS-D/FF) or Non-clocked
operation can be selected

* Disable function of modulation current
and bias current

* Bias current monitoring

» Mark density monitoring

* +5 V or -5 V single power supply

* Up to 60 mA p-p modulation current

* Up to 50 mA bias current

« Differential ECL compatible interface

* On-chip 50 Q terminations

* Internal voltage reference for AC coupling

01.08.28

\Laser Diode Driver )

¢ Applications
* Laser diode driver of an optical transmitter circuit up to 2.7 Gb/s (FEC available)

¢ Functional Description

The F0522501Q is a high performance GaAs laser diode driver IC applicable in an opti-
cal transmitter circuit up to 2.7 Gb/s NRZ data rate (especially suitable for SDH [STM-16] /
SONET [OC-48]) , featuring the capable operation for the FEC signal.

The F0522501Q specifies the rise time and the fall time of 70 ps (20 %-80 %) typically. It
features the single +5 V or -5 V supply operation, the modulation current between 1 mA and
60 mA, and the bias current between 1 mA and 50 mA while the dissipating power is around
the typical value of 1 W.
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¢ Absolute Maximum Ratings
T.=25 °C, unless specified

Parameter Symbol Value Units
Supply Voltage Voo -Vss -0.5t0 +7.0 \%
Supply Current Icon 250 mA
Input Voltage (D, ,D,,.CK,,CK ) vV, V to VvV, +0.5 \
Input Voltage (DIS,,SEL,) Vel V to Vv, +0.5 \%
Input Voltage (V,,:Van) Vives Ve 10V +1.5 \%
Output Voltage (OUT,0OUT,,0UT,,) Vo V_-2.0t0V__+0.5 Vv
Output Voltage (MRK,MRK,BM,BM,) Voum V to Vv, +0.5 \%
Termination Voltage (V5 ,Vre) Vi, V2.5tV +0.5 \%
Storage Temperature Tstg -55 to +125 °C
Ambient Operating Temperature T, 0to +70 °C

¢ Recommended Operating Conditions
Parameter Symbol Value Units
Min. Typ. Max.

Supply Voltage Vioo-Ves 4.75 5.00 5.46 \%
Output Voltage Vour V,-1.6 V,,-1.0 Vo \
Ambient Operating Temperature T, 0 25 70 °C
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¢ Electrical Characteristics
T,=25°C, V- V. =4.7510 5.46 V

Value
Parameter Symbol Test Conditions Units
Min. Typ. Max.

Circuit Current @ lexr Vin =Ven=Vss - 100 130 mA
Vi, V1.0 | V09 | V -0.7 \Y,

Input Voltage (ECL) Differential Input
vV, V1.9 | V1.7 | V1.6 \Y,

Input Voltage (AC) Vi Differential Input 0.6 0.8 1.2 Vp-p

Input Resistor Ry - - 50 - Q
linax Vi =Vest1.5V 60 - - mA

Modulation Peak _

Current® lMMIN VMIN _Vss B - 1.0 mA
s Viosn=Vpo-1.5V - - 0.5 mA
| nax Von=Ves+1.5V 50 - - mA

Bias Current L Ven=Ves - - 1.0 mA
laois Vioan=Voo-1.5V - - 0.5 mA

Veem Non-Clocked op. V1.5 - Voo \%

Input Voltage (SEL)

Vel Clocked opelation Vo OPEN | V_+15 \Y,
Vs Disable opelation V,,-1.5 - Vo \Y,

Input Voltage (DIS)

Vosi Enable opelation Vs OPEN | V+1.5 Y,

Bias Monitor Resistor Rau - 10 - Q

Mark Density Monitor Differential Mode

Voltage AVurc Vi) | Date: All "H" i 1.2 i v

Rise Time® tr RL = 15Q 20% - 80% - 70 150 ps

Fall Time® tf RL = 15Q 80% - 20% - 70 150 ps

Setup Time ts - 100 - ps

Hold Time th - 50 - ps

Maximum Clock V.., =OPEN or

SEL - -
Frequency fmax Vo 10V +1.5V 2.1 GHz
Maximum Data Rate fopr Ve, =V 1.5V to V 2.7 - - Gbps

(1) Excluding the input current, the modulation current and the bias current.
(2) Modulation peak current is measured at "OUT" pin.
(3) Rise time and fall time are measured at "OUT" pin.
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¢ Block Diagram

DIN O—
VTTD O— D/FF Selector
D O—
INB A A
Vref
Generator
CKIN Ot
Input
VTTCK O Buffer
CKINB O 1= Control
Circuit

MRK MRKR
OO

RMRK I I RMRKB

b6

SELIN DISIN  VBIN

¢ Pin Descriptions

MRK
MRK

: Positive data input

: Negative data input

: Termination for data input
: Positive clock input

: Negative clock input

: Termination for clock input
: Positive modulation output (LD should be connected to this pin.)
: Negative modulation output (R

=15 Q typ.)
=3 kQ typ.)

ouTB

Bias output (R,,,=10 Q typ., R;,,,=R

BMOB

: Voltage input that sets the LD modulation peak current
: Voltage input that sets the LD bias current
: Voltage input that controls turning on/off the modulation current and the bias

current

: Voltage input that selects clocked or non-clocked operation
: Bias current monitor positive output

: Bias current monitor negative output

: Mark density monitor positive output (R
: Mark density monitor negative output (R

=25 kQ typ.)
=25 kQ typ.)

MRK

MRKB
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¢ Function Table
(1) Clocked Operation (V, @SEL,=OPEN or V. to V_+1.5V)

Input Output
D, CK, Current@OUT Current@OUTB
H 1 ON OFF
L 1 OFF ON
P L Qo Qos
1 : Clock transition from low to high
® :Don'tcare
Q, : Previous current output status @OUT before clock pulse
Q.s : Previous current output status @OUTB before clock pulse
(2) Non-clocked Operation (V, @SEL =V ,-1.5Vto V)
Input Output
D, CK,, Current@OUT Current@OUTB
H D ON OFF
L D OFF ON
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¢ Pin Assignments (Top View)

—
N\

171 T10]

18] 19
SUMITOMO
ELECTRIC
0522501

HHHH
9]
No.1 LEAD
[20]] O IDENTIFIER [ 7]
G

1 D, 10 :BM, 19 :MRK

2 V., 11 :BM 20 :DIS,,

3 D, 12 :OUT,,,

4 .CK, 13 :OUT

5 V.« 14 :OUT,

6 1CK, 15 :DNC

7 :SEL, 16 VM,

8 Ve 17 VB,

9 Voo 18 :MRK,

(*)  The pins without numbering should be connected to V
(**) V,pcand V_, are not connected internally.
(***) DNC is a no user connection pin.

s
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F0522501Q

¢ Test Circuits
(1) DC Characteristics

DC
Source/
Monitor

Unit

Vss
Multimeter
2200p 0.022u
||
' 12200p A
A
43
Doue MRK Vss MRKg
O Vi
i | DC
_QZ):I:IE ™ QMW oNe T Source/
o ([{I) - C OUTg|[ ]| Monitor
o M Z Unit
Aq_ “ VSS g cjl :I Vss “ _DA
¥~ 10
—(0__ [k 3+ 6 Z ouT|CIH] )
= Ve ** o OUTgs| [T
—(Q_ )T |cKne o
Vboc Vss Vopo
SELy e |
ﬁ o_ozzul_ Multimeter
v
_ = A —
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(2) AC Characteristics

Vss
Multimeter
2200p 0.022u
||
12200p A
A
DC
0.022 0.022
T g T = g.ozzu Source/
DIS|y Vg = Monitor
Ding MRK Vss MRKg v = Unit
G
_EEE Vrp o mw DNC (1]
Pulse T )—T][ow A C ouTs [T 180
Pattern o M2 2217 _|Sampling
Gene- A< “ Vss 8 g — Vss “ —> A~ | Oscillo-
rator T+ = p ) @) Scope
—(Q_ )1 CKiy ﬁ 6 Z out
_EEE VrTek + O OUTgias
—(_ {1
S

0.022u

Q
Og g
&
IO
(@]
<
(92
Il
(@]
EN=
}juﬁ
|

>
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¢ Typical Characteristics
(1) Modulation Current

Modulation Current vs Vin @ Diy

Leak Current of Modulation

= =
> 100 = 100
e s '
—~ 80 © gl Vgs=-5.50V
E < Vgg=-5.25V
=, —
= = Vgs=-5.00V
5 60 5 60— - Vgg=-4.75V
3 40 3 40
5 Ta=25°C S /
& 20 g 20 =
'g ':OS %’ -
2 0 S ol=——=== -
-2 -1.5 -1 -05 0 -50 0 50 100
Input Voltage (V) @ Din Ambient Operating Temperature (°C)
Conditions Conditions

V_,=GND, V=5V, V,@D,,=-1.3 V
VMINC@IMpeak:60 mA’ \ _VS

BIN™

V,,,@OUT, OUT, , OUT

ouT

S

=GND

BIAS

Modulation Current vs VpmIN

V,.=GND, V, @D, =-1.6 V, V, @D, ,=-1.3 V

VMIN@IMpeak=6O mA, V,,=Vs

BIN™

V,,,@OUT, OUT, , OUT

ouT

INB
S

=GND

BIAS

Modulation Current vs VMmN

= =

8 100 T T 8 100 [ I

Ta=-44°C Ta=-44°C

9 80 A TaZOOC ’©\ 80 | T Ta:OOC

< — — - Ta=25°C < — — - Ta=25°C

E Ta=70°C E Ta=70°C

= 60H — — Ta=85°C = 60H — — Ta=85°C

o % o /

3 40 A 3 40 4

E v 4 E v 4

B 20 7 & 20 7

3 Z 3 Z

= = ]

-5 -4.5 -4 -35 -3 -5 -4.5 -4 -35 -3
Control Voltage (V) @ VmIN Control Voltage (V) @ VmIN

Conditions Conditions

VOUT@OUT:GND
VDD: GND , Vss: -5V, VIN@DIN:-l.O Vv
VIN@DINB:-l's \Z VBIN:V

V,,,@OUT,, OUT

ouT

SS

=GND

BIAS

VOUT@OUT:-I.G V
VDD: GND, Vss: -5V, VIN@DINZ-l.O V
VIN@DINB:-l's \Z VBIN:V

V,,,@OUT,, OUT

ouT

SS

=GND

BIAS
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(2) Bias Current

Bias Current vs Vin @ DIS|y

100
g 80
£ 60
: \
O 40
¢ |
o 200 Ta=25°C | \
0
5 -4 -3 -2 -1 0
Input Voltage (V) @ DIS|y
Conditions
V,,=GND, V=5V, V, @D =-1.0V
VIN@DINB:-l'B vV, VMIN:VSS
Vi, @1,=60mA
V,;@0UT, OUT,, OUT, ,.=GND
Bias Current vs Vg|N
100 =
= T
_ e
< 80 7
= y/a
= /7
E 60 7
G 40 Ta=-44°C
0 — Ta=0°C
.g 20 — — - Ta=25°C
Ta=70°C
== — — Ta=85°C
-5 -4.5 -4 -35 -3
Control Voltage (V) @ VN
Conditions
V_ _@OUT, , .=GND

ouT BIAS

V,,=GND,V_=-5V,V, @D, =10V

V@D, =13V, V
v

=V

MIN~ VsSsS

5,y @OUT, OUT, =GND

Bias Current (mA)

Leak Current of Bias

100 |
2 80— VSSZ-5.50V
5 VSS:-5.25V
e Vgs=-5.00V
o 60 .---. Vgs=-4.75V
5
O 40 /
0
8 /,
@m 20 =
0 __,,_:-f__—/
-50 0 50

100

Ambient Operating Temperature (°C)

Conditions

V_,=GND, V, @D,=-1.0 V, V, @D

Vv, @DIS, =15
vV, @1.=60 mA
Vv

ouT

@OUT, OUT,_, OUT

V’ VMIN:VS

S

BIAS

Bias Current vs Vg|N

INB™

=GND

o]
o

P

(o2}
o

N
o

N
o

v /4

— Ta=0°C

///
7,
//
7
-

- — - Ta=25°C
Ta=70°C
Ta=85°C

Ta=-44°C

0
-5 -4.5

-4 -3.5

Control Voltage (V) @ VgIN

Conditions
V_ _@OUT

ouT BIAS

=16V

-3

-1.3V

V,,.=GND,V_=-5V,V, @D, =10V

VIN@DINB:-l'B
\/

V' VMIN:VSS

5,y @OUT, OUT, =GND
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(3) Circuit Current

Circuit Current

130
— VSS:-5.50V
< 120 Vss=-5.25V
é VSSZ-S.OOV
% [1o) A VSS:'4-75V
O 100 :
38 90f——="1
O

80

-50 0 50 100

Ambient Operating Temperature (°C)

Conditions
V,,=GND, V, @D, =-1.0V
VINC(QDINB:-:I"3 V’ VMIN:VSS ' VBIN:VSS

Vo, {@0UT, OUT, , OUT, ,. =GND

ouT BIAS

(4) Signal Input Resistor and Bias Monitor Resistor

Signal Input Resistor Bias Monitor Resistor
60 11 .
VSS:-5.50V

—~ - | | VSS:'S-ZSV

g/ 55 - g/ V55:-5.00V

© == o || ----- Vgg=-4.75V ="

(&) = o SS =

< e - < /' -

< 50 @ 10 =

2 Veg=-5.50V 2 = =

X 45 Vgs=-5.25V || 0

V55:-5.00V
----- VSS:-4.75V
40 ' 9
-50 0 50 100 -50 0 50 100
Ambient Operating Temperature (°C) Ambient Operating Temperature (°C)

Conditions Conditions
V,, =GND, V _=-5V,V @D, =10V V,,=GND, V,=-5V,V @D, =10V
VIN@DINB:-l'B v, VMIN:VSS ! VBIN:VSS VIN@DINB:-l'SV’ VMIN:VSS ! VBIN@IB:6O mA
V,,;@0UT, OUT,, OUT, ., =GND V,,;@0UT, OUT,, OUT, .. =GND
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(5) Mark Density Monitor Voltage

Monitor Output vs Mark Density

2.0
A
1.0
o /
>
N4 _//
x 0.0 =t
=
>
|
-2.0
0 20 40 60 80 100

Mark Density (%)

Conditions (See test circuits for AC characteristics)
V,,=GND, V_=-5V, @2.48832 Gb/s, PRBS223-1

V,.@D,,,D,,CK,,CK, =09 V/-17V

INB ! IN ! INB
VMIN@lMpeak:60 mA’ VBIN:VSS
Vo,;@0UT, ,.=GND, T =25 °C
Monitor Output @ AllI“H’Data Monitor Output @ AllI“L"Data
2.0 0.0 .
VSS:-5.50V
— — Vgs=-5.25V | |
\>-/ 15 ?/ 0.5 VSS:-5.00V
X — | — — O — — < || |- Vgg=-4.75V
e - T = e
S 10 Y e ——— I
2 Vgs=-5.50V 2 —
05 VSS:-5.25V | 15
V35:-5.00V
----- VSS:'4-75V
0.0 ' -2.0
-50 0 50 100 -50 0 50 100
Ambient Operating Temperature (°C) Ambient Operating Temperature (°C)
Conditions Conditions

V_,=GND, V, @D,=-1.0V, V, @D, ,=-1.3V V__=GND,V, @D, =-1.6V,V, @D, =-1.3V

INB
VMIN@lMpeak:60 mA’ \ _VS VMIN@IMpea\k:60 mA’ v _VS

BIN~ VSS BIN~ ¥'SS

V,,,@0UT, OUT_, OUT_ ., .=GND V,,,@0UT, OUT_, OUT_, .=GND

ouT BIAS ouT BIAS

INB
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(6)-(a) Erectrical Output Waveform @Clocked Operation

[ R PR PR P R PR

200 MV/div [+t

_________________________

"
i
"
i
"
______ [N R —
"
&L
"
4

:

: : H : :

[EESEIE TR |~ SETRETETE LR AU RPRE SR
i i i i

L

____________________

Conditions
T.=25°C, V,=GND, V_=-5V,

100 ps/div

D, :VIL=-1.7V,VIH=-0.9V,DINB=-1.3V,@2.5 Gb/s, PRBS2%-1
CKIN:VIL=-1.7V,VIH=-0.9V.CKINB=-1.3V,f=2.5GHz

VM=-3.9V,VB=-5.0V,RL=15 ohms

-

200 mV/div

Conditions
T.=25°C, V,=GND, V_=-5V,

D, :VIL=-1.7V,VIH=-0.9V,DINB=-1.3V,@2.5 Gb/s, PRBS2%-1
CKIN:VIL=-1.7V,VIH=-0.9V.CKINB=-1.3V,f=2.7GHz

VM=-3.9V,VB=-5.0V,RL=15 ohms
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(6)-(b) Erectrical Output Waveform @non-Clocked Operation

_____

__________

R -

Conditions

T,=25°C, V_,=GND, V=5V,

D,, :VIL=-1.7V,VIH=-0.9V,DINB=-1.3V,@2.5 Gb/s, PRBS2%-1
VM=-3.9V,VB=-5.0V,RL=15 ohms

Conditions

T,=25°C, V_,=GND, V=5V,

D,, :VIL=-1.7V,VIH=-0.9V,DINB=-1.3V,@2.5 Gb/s, PRBS2%-1
VM=-3.9V,VB=-5.0V,RL=15 ohms
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(7)-(a) Optical Output Waveform @2.48832Gb/s (1310nm FP-LD)

100 pes div.
Conditions

T,=25°C, V,=GND, V_=-5V, @2.48832 Gbh/s, PRBS2*-1
V@b, D, CK,,  CK, =0.8Vp-p (AC coupled)

INB ! IN?

48 2psdv.

Conditions

T,=25°C, V_,=GND, V_=-5V, @2.48832 Gb/s, PRBS2%-1
vV,,@b, ,D CK., CK =0.8Vp-p (AC coupled)

INB ! IN ? INB
with fourth order Bessel-Thompson filter
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(7)-(b) Optical Output Waveform @2.48832Gb/s (1310nm DFB-LD)

100 pesid divv.

Conditions
T,=25°C, V,=GND, V_=-5V, @2.48832 Gbh/s, PRBS2*-1
V,,@D, D, CK,, CK =0.8 Vp-p (AC coupled)

: x
48 2psidv.

Conditions
T,=25°C, V_,=GND, V_=-5V, @2.48832 Gb/s, PRBS2*-1
V,,@b, D,  CK,, CK .=0.8 Vp-p (AC coupled)

IN ?
with fourth order Bessel-Thompson filter
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& Test Circuit

Pulse Optical Sampling
Pattern (H| F0522501Q I[_)a_ts((jer* WaveformH Oscillo
Generator lode) Eisor [Monitor | | -scope

*) 1310nm DFB-LD:SLT4200Series (Sumitomo Electric Industries, LTD.)
1310nm FP-LD:SLT4100Series (Sumitomo Electric Industries, LTD.)

¢ Application Guide

(1) Data and Clock Input Interface

(a) Differential ECL (or PECL) Interface

Buffer-1C
S N—-E
I 10K typ.
Vyrp LRI
Data O Vpp-2V << Vref
S — AL T
F0522501Q
S —
10k typ.
IN
Clocko Vpp-2V << Vref
S — T

*) RiN=50 Q typ., Vref=Vpp-1.4 V typ.
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(b) Differential AC Coupled Interface

Buffer-IC
O.OZ?E( Ding
VI e | e
10k typ.
) 00221y o il
atao Vref
—=E| Dy LRI 10k typ
002;O |
.022p
F0522501Q
100p cKin
e VD e | e Tk P,
Clock 10(|)£)<VTTD . f
ocko Vre
_=E| Ckyp LIRIN 10k typ
o D s | :
100p

(c) Single-Ended AC Coupled Interface

*) RiN=50 Q typ., Vref=Vpp-1.4 V typ.

50 0.022u)p,
[ 10K typ.
_ — OOZZM V RiN
Buffer-IC _E' QT Vref
= RiN
D el TR e
0.022u
F0522501Q
100p
Clocki{ >0 Fo e —er
100p VTTD RiN l
_El = Vref
= I_OCKINB RN L1k typ.
—E= 50 100p

*) Rin=50 Q typ., Vref=Vpp-1.4 V typ.




2.7 Gb/s Laser Diode Driver F0522501Q

(2) Disable Input and Selector Input Interface

CMOS-IC Vpp
Disable ¢
Vss
F0522501Q
Selectorc

(3) Current Output Interface

VpbD
] OUTg X Laser
5p. Diode
— )
ouT or [Zj
A\ )
F0522501Q ) o 3
)
OUTgias
_> M)
10 typ,
3k typ. 3k typ.

BMg BM
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(4) Bias Current Monitor and Mark Density Monitor Interface

1

LI

25Kp.
—>

1

K.

F0522501Q
OUTpgias [
0 typ. BM

—>

3kP- Bt

3k typ.

*) Voltage of MRK and MRKg is Vpp-1.8V typ.
@50% Mark Density.

**) Value of R1 to R4 should be enough larger than 25Q.
Recommended value is 100k to 200k<.
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(5) Timing Chart

CKIN

DiN

Current
@OuUT

ts

th

Current
@OUTpg

ViH

ViL

ViH

\

IMON

IMOFF

IMON

IMOFF
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¢ Package Drawings

| 0.7 typ.

| | 0.7typ.

HHH

HHH

H H

O

SUMITOMO
ELECTRIC

0522501
R

N\

als

7.0£0.2
9.0£0.3

afls

aflslsll==slills

7.0+0.2

H H

9.0+0.3

1.45+0.1

o\

[

0.3+0.1

0.10+0.05

Dimension:millimeters
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¢ APC (Auto Power Control) Sample Circuit

VCCT
LD Module

"® @ Vool

®
or Rlﬁé

e F0522501

OUTBIAS
= VB

VM

Vreg
or RT

RT:thermister

=D

Electron Device Department



