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ABSOLUTE MAXIMUM RATINGS

Supply Voltage VG . veveiiiiiiieecce e -0.5V to +6.0V
IN+, IN-, TX_DISABLE, TX_FAULT, SHUTDOWN,

BC_MON, PC_MON, APCFILT1, APCFILT2,

MD, TH_TEMP, MODTCOMP, MODBCOMP,

MODSET, and APCSET Voltage............. -0.5V to (Ve + 0.5V)

OUT+, OUT-, BIAS Current........cccooiovviiinne -20mA to +150mA
Continuous Power Dissipation (Ta = +85°C)

24-Pin TQFN (derate 20.8mW/°C above +85°C) ....... 1805mW
Operating Junction Temperature Range............ -55°C to +150°C
Storage Temperature Range .............cocceeeevnennn. -55°C to +150°C

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(Vce = +2.97V to +3.63V, Ta = -40°C to +85°C. Typical values are at Vcc = +3.3V, Igjas = 60mA, Imop = 60mA, Ta = +25°C, unless

otherwise noted.) (Notes 1, 2)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX UNITS
POWER SUPPLY
Supply Current Icc (Note 3) 47 60 mA
Power-Supply Noise Rejection PSNR f < 1MHz, 100mAp-p (Note 4) 33 dB
I/0 SPECIFICATIONS
Differential Input Swing ViD DC-coupled, Figure 1 0.2 2.4 Vp-p
Common-Mode Input Veum 1.7 \Xg(; ;1 v
LASER BIAS
Bias-Current-Setting Range 1 100 mA
Bias Off Current TX_DISABLE = high 0.1 mA
Bias-Current Monitor Ratio IBlAS / IBC_MON 68 79 95 mA/mMA
LASER MODULATION
I%/I;):;éatlon Current-Setting IMOD (Note 5) 5 85 mA
Output Edge Speed (ZNOthetssO;/; 5mA < ImoD £ 85mA 65 80 ps
Output Overshoot/Undershoot With 1pF between OUT+ and OUT- +6 %
Random Jitter (Notes 6, 7) 0.62 1.3 PSRMS
o 2.7Gbps, 5mA < Imop < 85mA 18 40
Deterministic Jitter (Notes 6, 8) pSp-p
1.25Gbps, 5mA < IMoD < 85mA 20 41
Modg!ation—Current Temperature (Note 6) 5mA < Imop £ 10mA 175 600 opm/°C
Stability 10mA < ImoD < 85mA +125 +480
Modulation-Current-Setting Error 15Q load, SMA < IMop < 10mA 20 %
Ta = +25°C 10mA < IMoD < 85mA +15
Modulation Off Current TX_DISABLE = high 0.1 mA
AUTOMATIC POWER AND EXTINCTION RATIO CONTROLS
gﬂ:;ggr'D'Ode Input Current IMD Average current into the MD pin 18 1500 pA
MD Pin Voltage 1.4 \
MD Current Monitor Ratio IMD / IPC_MON 0.85 0.93 1.15 | mA/mA
2 M AXIW




1Gbps £ 2.7Gbps SFF/SFP 3 £50K 5178 ,
5B HIC LR #

ELECTRICAL CHARACTERISTICS (continued)

(Vce = +2.97V to +3.63V, Ta = -40°C to +85°C. Typical values are at Vcc = +3.3V, Igjas = 60mA, IMop = 60mA, Ta = +25°C, unless

otherwise noted.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
APC Loop Time Constant Capc_FILT = 0.01pF, Almp / Alglas = 1/70 3.3 us
APC Setting Stability (Note 6) +100 +480 | ppm/°C
APC Setting Accuracy Ta = +25°C +15 %
IMop Compensation-Setting B
Range by Bias K K= Alvop/ Alsias 0 15 | mA/mA
IMob Compensation-Setting o
TC TC = Almop / AT (Note 6) 0 1.0 mA/°C
Range by Temperature
Threshold-Setting Range.for T4 (Note 6) +10 +60 oC
Temperature Compensation
LASER SAFETY AND CONTROL
Bias and Modulation Turn-Off CAPC_FILT = 0.01uF, AlmD / AlBlas = 1/80
- 5 us
Delay (Note 6)
Bias and Modulation Turn-On CaPC_FILT = 0.01pF, Almp / Alglas = 1/80
600 us
Delay (Note 6)
Threshold Voltage at Monitor Pins VREF Figure 5 1.14 1.3 1.39 V
INTERFACE SIGNALS
TX_DISABLE Input High VHI 2.0 V
TX_DISABLE Input Low VLo RpULL = 45kQ (typ) 0.8 \
VH =V 15
TX_DISABLE Input Current HI= TCC LA
VLo = GND -70 -140
TX_FAULT Output Low Sinking 1mA, open collector 0.4 \
Shutdown Output High Sourcing 100pA Vce-0.4 Vv
Shutdown Output Low Sinking 100pA 0.4 \

Note 1: AC characterization is performed using the circuit in Figure 2 using a PRBS 2% - 1 or equivalent pattern.
Note 2: Specifications at -40°C are guaranteed by design and characterization.
Note 3: Excluding Igias and Imop. Input data is AC-coupled. TX_FAULT open, SHUTDOWN open.
Note 4: Power-supply noise rejection (PSNR) = 20log10(Vnoise (on VCC) / AVouUT). VouT is the voltage across the 15Q load when IN+

is high.

Note 5: The minimum required voltage at the OUT+ and OUT- pins is +0.75V.

Note 6:
Note 7:
Note 8:

MAXIMN

Guaranteed by design and characterization.
Tested with 00001111 pattern at 2.7Gbps.
DJ includes pulse-width distortion (PWD).
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1Gbps £2.7Gbps SFF/SFP ¥t #5855,
5B HIC LR #

BRI T(EFFIE
(Vce = +3.3V, Capc = 0.01yF, IBjas = 20mA, Imop = 30mA, Ta = +25°C, unless otherwise noted.)
OPTICAL EYE DIAGRAM OPTICAL EYE DIAGRAM ELECTRICAL EYE DIAGRAM
(2.7Gbps, 27 - 1 PRBS, 2.3GHz FILTER) (1. 25[ihps, 27-1 PRBS, 940MHz FILTER) (Imon 30mA, 2.7Ghps, 27 - 1 PRBS)
MAX3738 toc01 MAX3738 mc02 MAxma 10003
1310nm FP Lg\ggg A 1310nm FP LASER | S 1pF BETWEEN OUT+

- 8.2B" R S I AND OUT- -

75mV/div

54ps/div 116ps/div 52ps/div

SUPPLY CURRENT (Icc) vs. TEMPERATURE BIAS-CURRENT MONITOR RATIO PHOTOCURRENT MONITOR RATIO
(EXCLUDES BIAS AND MODULATION CURRENTS) vs. TEMPERATURE vs. TEMPERATURE
60 - 90 2 1.20 e
s g 88 g 115 g
- % 110 i
£ 5 363V E‘ 84 =
= >§ T 105
£ Zal) 5 g
5 6= S g S 1.00
et —1 o o
= 297V £ B < 095
S 40 33V £ % El
< y 0.90
35
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30 70 0.80
-40-30-20-10 0 10 20 30 40 50 60 70 80 90 -40-30-20-10 0 10 20 30 40 50 60 70 80 90 -40-30-20-10 0 10 20 30 40 50 60 70 80 90
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
DETERMINISTIC JITTER
MODULATION CURRENT vs. RmopSET PHOTODIODE CURRENT vs. RapcSET vs. MODULATION CURRENT
90 5 14 5 50 —2
" é " é 45 2.7Gbps _| é
70 : \ = 40 z
6 \ 10 \ 35
T %0 = 08 Fl
s \ = g 2 [
g £ 06 3 \ P
30 \ 04 15 \ P
. ~~—L"
20 N N\ 0 1
02
10 \\ | 5
0 0 o 0
1 10 100 0.1 1 10 100 0 10 20 30 40 50 60 70 80 90
RmopsET (k) Rapcser (kQ2) Imop (MA)
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HET(ERE ()

(Vce = +3.3V, Capc = 0.01pF, IBjas = 20mA, Imop = 30mA, Ta = +25°C, unless otherwise noted.)
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MAXIMV

RANDOM JITTER
vs. MODULATION CURRENT

MAX3738 toc10
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VOLTAGE SINGLE ENDED LA
Vins 100mV (min)
Vi - X X X K] 1200mV (max) 300 300
DIFFERENTIAL
(Ving) - (Vin-) 200mV (min) l 300
w MAXIMN -
2400mV (max) Maxs73g | = 0SCILLOSCOPE
OUT- H H
“— U/ 70=30Q 7y=500
CURRENT ouT+[—® \) 0= )0:
75Q
TIME

&L 1. 7 7 B i A e 5 Pl L1 4 [ 2. AFAE 2 19 M 10 HL A

HOST BOARD MODULE
: FILTER DEFINED BY SFP MSA
SOURCE| L1 " T0 LASER
NOISE | : TuH i1 OPTIONAL ~ DRIVERVcg,

VOLTAGE

SUPPLYl E Ig}uF Iqu

P 3. 1L R
TFEAAVERA
MAX3738 O B 3088 T % €55 = 12650 ¢ {6538 98 4 2
#. WERC 9% AL 6 R R B 0 B
6 FIT 853 R (+33V) TAEDr 5% (F4).
5 5 5 588

LT O I s | IR I RS -
MAX3738 £ X W3 15Q ik st 17 fifb 5 23K 86l LR
KF60mA KT, OUT+ M (KW S8 EN0.7V s Z R
il L N60mA E85mA I, OUT+ HY f Ak WEZAS H B N
0.75V . #it60mA iz it v R AT M &, RIE# b8
FHARE G E, DUREIK 3h A% i 0 ER .

NTH O ER, TRA - HEJER H Rp) #17
BHL BT VT AT . =R B BELJE FRL BEL 55 880 0 A A5 00 45 20 1 R

MAXIMN

SR SE T 15Q . SN Ot TR A RS R Y i
o, ATRERR & — PMRCIHBM . F4IfE L, HEH
Maxim M. 1% ICHFAN 02.0 Interfacing Maxim's Laser
Drivers to Laser Diodes .

B A 2 7Gbps I, AR AT INER 7EEOE AR DIk B
AE LB A ERE . B T BIAS fi th B 506 TRk
EIAMGE #, RF I BOK BIAS 51 3 A2 20 5 0t
e AR B BT, % SR AT A A R

H JELE
WO He (re) S OG 28 5 3 R B0 3 R Bk BL G EIR 25 69
Ty . 50 T RTS8 K RAE W 6 HL AR R
1H &
re = (2PAVG + Pp-P) / (2PAVG - PP-p)
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o

SHUTDOWN b—i

MAXII
MAX3738
INPUT BUFFER | §§
N+ DATA OUT-
PATH R
IN- ] OUT+ 0
ImoD
-
SHUTDOWN | | ENABLE ___| | <— Iy
< SAFETY LOGIC o)
TX_FAULT | AND Iaias < BIAS
TX_DISABLE @—»| POWERDETECTOR | ENABLE __ | ... Voo <— s
RpyLL = 45kQ +
Ivo RaPCSET
Bl ¢I3|As i Vel |APCSET
PC_MON | |
x1/2 —
Rec_won XTC X268 xK
"APCSET MD
BC_MON <l e
Rpc_mon T I
[
— VBe
TH_TEMP MODTCOMP MODSET | MODBCOMP APCFILT1 APCFILT2
RTH_TEMP Rmoptcomp RnmopseT Rmopscomp
Capc

& 4. ThREIE

Wit APC T FH I, REFHDCHR G200 B TRE K = AlMoD / AlBIAS

A R AE S o O &R R R AR (M) PR, a0 B HE TR ORI BT B — W EIT, DU R T %

L RE 0% 75 B AN R0 IR P AR S 1 P AR R g
I R AH 5

PAVG = IMD / PMON

Pp-p =n x IMOD
BT R E TR M T IR P B B B R R (K) AT
VA R, DAE R O R BE R E T g KR, PR RR
W6 R A . T RE S % Maxim M A £ 10
HFAN-02.2.1.

fHIE . R RORBE B IR E 8850k B BT, iR E
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Vee POR AND COUNTER
60ms DELAY
ImoD
TX_DISABLE _ ENABLE
L COUNTER » [BiAS
60ms DELAY 100ns DELAY ENABLE
Vee
mp.
1 VRer
PC_MON R Q
RRC_MON Ve ComP
RS
s LATCH
82 VREeF
BC_MON S SHUTDOWN
*—\/\/\/ hd *— —
Rec_mon comp
CMOS
= EXCESSIVE
APC CURRENT
SETPOINT : T FAULT
EXCESSIVE TTL
MOD CURRENT OPEN COLLECTOR
SETPOINT

& 5. b /9 4 4= HL B

1. BBV &

1

If any of the 1/O pins are shorted to GND or V¢ (single-point failure; see Table 2), and the bias current or the photocurrent
exceeds the programmed threshold.

2 | End-of-life (EOL) condition of the laser diode. The bias current and/or the photocurrent exceed the programmed threshold.
3 | Laser cathode is grounded and photocurrent exceeds the programming threshold.
4 No feedback for the APC loop (broken interconnection, defective monitor photodiode), and the bias current exceeds the

programmed threshold.

MAXIMN 9
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1Gbps E2.7Gbps SFF/SFP B g5 9K 5078,
5B HIC LR #

F2. A[E) B e #Bs AR B A

PIN CIRCUIT RESPONSE TO OVERVOLTATGE OR CIRCUIT RESPONSE TO UNDERVOLTAGE OR
SHORT TO Vcc SHORT TO GROUND
TX_FAULT | Does not affect laser power. Does not affect laser power.
TX_DISABLE | Modulation and bias currents are disabled. Normal condition for circuit operation.
The optical average power increases, and a fault occurs | The optical average power decreases, and the APC loop
IN+ if VPC_MON exceeds the threshold. The APC loop responds by increasing the bias current. A fault state
responds by decreasing the bias current. occurs if VBC_MON exceeds the threshold voltage.
The optical average power decreases and the APC loop | The optical average power increases and a fault occurs
IN- responds by increasing the bias current. A fault state if VPC_MON exceeds the threshold. The APC loop
occurs if VBC_MON exceeds the threshold voltage. responds by decreasing the bias current.
MD This disables bias current. A fault state occurs. Thg APC C'r.C“” responds by |ncrealsmg the bias current
until a fault is detected; then a fault” state occurs.
SHUTDOWN Does not affect laser power. If the shutdown circuitry is Does not affect laser power.
used, the laser current is disabled.
BIAS In this condition, the laser forward voltage is OV and no Fault state* occurs. If the shutdown circuitry is used, the
light is emitted. laser current is disabled.
The APC circuit responds by increasing the bias current | Fault state* occurs. If the shutdown circuitry is used, the
OouUT+ . ) N C
until a fault is detected; then a fault state* occurs. laser current is disabled.
OouT- Does not affect laser power. Does not affect laser power.
PC_MON Fault state* occurs. Does not affect laser power.
BC_MON Fault state* occurs. Does not affect laser power.
APCFILT1 IglAs increases until VBc_MON exceeds the threshold IBlAS increases until VBc_MON exceeds the threshold
voltage. voltage.
APCFILT? IBIAS increases until VBC_MON exceeds the threshold IBIAS increases until VBC_MON exceeds the threshold
voltage. voltage.
MODSET Does not affect laser power. Fault state* occurs.
APCSET Does not affect laser power. Fault state* occurs.

*A fault state asserts the TX_FAULT pin, disables the modulation and bias currents, and asserts the SHUTDOWN pin.

H BB

% £ BERE s RS

7 4L A 15 2R IR A (TX_DISABLE). 4 77 5 B i
H (TX_FAULT) KL B i 0 4% (F15) . 1% 8% S 00 ot
KB F M T ARG, — ER IR R A, ks AT e
B Ehdr (WLFE 1) . HWIESFP MSA B 25K, TX_FAULT 5l
VR 32 — 4.7k Q Z10kQ B A Ve . B8 Bk af
PUE 5 Ve BLGND FIHE B . A 3¢ L B X R ) R 5 0 19
MR EHL S R2. REMERES S - B S, HI
TX_DISABLE 5 Ve 51 il & 52 A . AT 32 14 ¢ 1B
ML, BOG KB AR 4R A YO0 TR W ThaE, &
AT RS, B . O R A ST T OE AR Y B
OB 2R 1) AR 4 1 0L

10

MAX3738 fiE % i ¥ (BC_MON. PC_MON) fiii & HL ¥i
(Igias) MIE B (Iyp) - 8 Ik B 5 &R0 FRLUAL , I AL A1 BT 45
by FELBH 7 A R R SCER MR L DO fiE . 24 PC_MON i BC_MON
M E KT Vegp I, #FASBERE. #l, E£&84 EN
A5 0 B2 100Q (1 FLBH EI e, W IR R DL R HE
VBC_MON = (IBIAS / 82) x 100Q
VPC_MON = IMD X 100Q

T R O O E R RO AR R, W DL
FA AN A I FLBE . P R SRR BEL > TS E % g BT TR
BT RCR .
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R3. APERXFEN

PARAMETER SYMBOL RELATION
Average Power Pava Pavg = (Po + P1)/2
Extinction Ratio re re =P1/Po
Optical Power of a One P1 P1=2PavGg xre/(re + 1)
Optical Power of a Zero Po Po =2PavG/(re + 1)
Optical Amplitude Pp-p Pp.p=P1-Po
Laser Slope Efficiency n n = Pp-p/IMOD
Modulation Current IMOD IMOD = Pp-p/n
Threshold Current ITH Poat!>ItH
?A'%S_gg&)elg;) IBIAS IBIAS 2 ITH + IMOD / 2
Laser to Monitor
Transfer PMON IMD / Pava

Note: Assuming a 50% average input duty cycle and mark
density.

Rt
BT Ot & Gt aat, Gl O oh ORI O e F R0t i
o F3HIH A R A BT 1% o R0 1 E R 2 8
B 5. L ES WA 5% EM 5 A A50 %, X
FARERK.
YEWIC R Pavg) s BHREFCR M) FHIEE (o), AIR
Po 263 VH 50 R B R ORI BRI . N T E Y R E XL
T, TET WO, DU R (pmon) LR
EEEM).

REMN N —RE BT
MAX3738 75 AT i 12 %6 T VE 7€ APC #5538 . fi B HL U8 H
B E, 706 h R B APCSET (14 #0306 H BH 5

PAVG = IMD/ pMON
APCSET 5| Jil 4 il e 0 — 4% 4 P O 69 38 B . 1A B P UL 0]
T2 L SMODSET #H [ ) J7 g 2 APCSET i . &%
I T AEFFHEF Ivp 5 Rapeser 5% &R BI 2%, 38 +25°C
T 5 B AT B R ApcsET 1H -
IMD = 1/2 x VREF / RACPSET

MAXIMN

B H I L

WOt W Bh A H 3 IR A, DU R E E R R 1 T R
Xt E A A R EOE = R

IAVG = IBIAS + IMOD / 2

12 B #Mz B HIFE 7T
B WO A 1 A SR A0SR ok S IR A RO -
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1Gbps E2.7Gbps SFF/SFP B g5 9K 5078,

B IH I L2

FHEEL (4)

(7 B Hhs R ik Y 5 256 P T BB RO Bl O LA, AN BT Y B 4RI B, 1 A 1 www.maxim-ic.com/packages .)

»
[a
w
2X =z
[S]0.15]C] b ) T
b o2 [¢]0.10 @[CTA[8] E
D/2— -~1D2/2 i
INDEX AREA x i N pADA |G
/2% e/~ | x RBEE /(035 X 45) g
/A gomoa Q
: €2 1 = =n
=3 J_ A =] 3 ‘52/2
A E-1) X — e
[a} NE-1) X [@ = =
=} = }
N =
oeraL a—" _ﬁ]_lj'll'll'll'lll T
=
.I ¢
g (ND=1) X [g] b=
JOP VIEW BOTTOM VIEW
¢ ¢
(R 1S OPTIONALY
LA | i
\ /
Wl_l_lo.'lo <l ‘—’I TERMINAL TP l‘—’Lﬂ
A\ B[] o ! SEATING PLANE
A
A2 N
SDE_ViEW BRALLAS M AKXV
PROPRIETARY INFORMATION
TE PACKAGE OUTLINE
12, 16, 20, 24L THIN QFN, 4x4x0.8mm
LT WG G- =T
| 21-0139 | c | }Z4
COMMON_DIMENSIONS EXPOSED PAD VARIATIONS
PKG 12L 4x4 16L 4x4 20L 4x4 24L 4x4 PKG e 2 v
3 NOM. | NAX, | MIN | NOM, [ MAX.| MIN, | NOM. | NAX, COIES MIN, | NOM. | MAX. | MIN, | NOM, | MAX, |ALLOWED
A 0.70 {075 [ 080 |0.70 [ 075 [as0 | a70| 075 | 080 | 0.70 | 075 | 080 Ti244-2 195 | 210 | 223 | 195 | 210 | 223 NO
s | 00 [002 [005| 00 [002 [005 | 00 002 [ 005 | 0o [002 005 T1244-3_| 195 | 210 | 225 | 195 | 210 |225| VES
A2 020 REF 020 REF 020 REF 020 REF T1244-4 195 | 210 | 225 | 195 | 210 | 225 NO
b 025|030 | 035|023 030 |035| 020025 | 030 018 | 023 | 0.30 Ti644-2 195 | 210 [ 225 | 195 | 210 | 225 NO
D | 390400 | 430 [390 [ 400 [ 410 | 390] 400 | 430 |30 [ 400 | 420 T1644-3 | 195 | 240 | 225 | 195 | 210 | 225 | ves
E | 390400 | 430 [390 | 400 | 410 | 390] 400 | 430 | 390 | 400 | 410 T1644-4 | 195 [ 210 [225[ 195 | 240 [225] N
e 080 BSC. 0.65 35C. 050 BSC. 050 BSC. T2044-1 | 195 | 220 [ 229|195 | 210 |223| wa
k Joem[- [ - Joas| - [ - Joes| - | - Joas| - | - T2044-2 | 195 | 210 | 225 | 195 | 210 [225 | ves
L 043 | 0.55 | 0.65 | 043 | 0.55 | 065 | 043|053 | 065 | 030 I 0.40 I 030 T2044-3 195 | 210 | 225 | 195 | 210 | 225 NO
N 2 16 20 24 T2444-1 2435 | 260 | 263 | 243 | 260 | 263 NO
ND 3 4 s 3 Teasa-2_| 195 | 210 [ 225 | 195 | 2t |2e5| Ves
NE 3 4 S 6 T2444-3 245 | 260 | 263 | 245 | 260 | 263 | YES
[ WGGB WGGC VGa@-1 WGGD-2 Te444-4 | 245 | 260 | 263 | 245 | 260 | 263 | NO
NOTES:
1. DIMENSIONING & TOLERANCING CONFORM TO ASME Y14.5M-1994,
2. ALL DIMENSIONS ARE IN MILLIMETERS. ANGLES ARE IN DEGREES.
3. N IS THE TOTAL NUNBER OF TERMINALS.
/A THE TERMINAL #1 IDENTIFIER AND TERMINAL NUMBERING CONVENTION SHALL CONFORM TO
JESD 95-1 SPP-012. DETALS OF TERMNAL §1 IDENTIFER ARE OPTIONAL, BUT MUST BE LOCATED T
THE ZONE INDICATED. THE TERMINAL #1 IDENTIFIER MAY BE EITHER A WOLD OR MARKED FEATURI
A\ DIMENSION b APPLIES TO METALLIZED TERMINAL AND IS WEASURED BETWEEN 0.25 mm AND 0.30 mm
FROM TERMINAL TIP
A\ ND AND NE REFER TO THE NUMBER OF TERMINALS ON EACH D AND E SIDE RESPECTVELY.
7. DEPOPULATION IS POSSIBLE IN A SYMMETRICAL FASHION. @D ~,
/A COPLANARTY APPLIES TO THE EXPOSED HEAT SINK SLUG AS WELL AS THE TERMINALS. :%g AKX
0. DRAWING CONFORMS TO JEDEC MC220, EXCEPT FOR T2444—1, T2444—3 AND T244d—4. v
12, 16, 20, 24L THIN QFN, 4x4x0.8mm
A N TR 10 =5
21-0139 | c | 4
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