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Abstract
Measurements and analysis of the AM/AM and
AM/PM  characteristics of microwave intensity

modulated GaAlAs laser diodes with multimode pigtails
and biconic connectors have been carried out. In
general, AM/AM is the main nonlinearity distortion for
a connectorized laser diode. However, AM/PM
distortion may become comparable with or dominant
over AM/AM distortion when the modulation frequency
is close to the resonance region of the laser diode.

Introduction

Measurement of gain compression (AM/AM) and
phase deviation {AM/PM} is a well-known method of
charaterizing the linearity of microwave devices and
svstems [1-8]. Methods of charaterizing semiconductor
laser diode linearities in the past include (1) examining
the linearity of the CW light-current (L-I) curve, and
(2) measuring intermodulation and harmonic products.
However, the former approach may not give reliable
indications of performance above 1 GHz [9]; and the
latter does not provide a means of distinguishing
between gain and phase distortion. In this paper,
measurement techniques and analytical methods are
developed to characterize the behavior of semiconductor
laser diodes under multi-gigahertz intensity modulation

to differentiate the effects of AM/AM and AM/PM, The
results show that in general AM/PM is proportional to
AM/AM, but the major cause of third-order
intermodulation is AM/AM distortion. This suggests
that improvement in the AM/AM transfer characteristic
may reduce third-order intermodulation products
However, if the modulating frequency is close to the
laser resonance region , AM/PM distortion may become
the dominant factor for small amplitude input signals.
Under these circumstances, the susceptibility of the
laser diode to reflection noise from connectors is the
main stimulus for increased AM/PM distortion. When
stringent phase linearity is a system performance
objective, connectorized laser diodes should not be
operated at frequencies near the resonance peak.
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Figure 1 Experimental setup for measuring AM/AM
and AM/PM. Under the same operating conditions of
the optical system, third-order intermodulation
products were measured with two signal generators.

Measurement

The setup for AM/AM, AM/PM, and
intermodulation measurements is shown in Fig.1. The
input microwave power from the HP 8510 network
analyzer was adjusted to sweep a power range of 20 dB
at a selected frequency. Attenuators were inserted as
needed to prevent amplifier gain compression. The
optical system is a back-to-back high-speed GaAlAs
laser diode { Ortel LDS10- PMF ) and PIN diode ( Ortel
PD050-PM ), both with 1 meter multimode pigtails and
biconic  connectors. Micro-positioners and  index
matching fluid were used to minimize reflection noise (
observed with a HP 8566B spectrum analyzer ). Two
laser diodes were used: laser#1 had a threshold current
of 19.5 mA and saturated around 70 mA; laser#2 had a
threshold current of 17 mA and saturated around 35
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Figure 2 AM/AM and AM/PM characteristics for
laser#1 biased at 25.4 mA. Threshold current of this
laser is 19.5 mA. The modulating microwave frequency
is 2 GHz and the input power swept from -20 to 0 dBm.
The small signal resonance under this bias condition is
1.3 GHz. Detected DC photocurrent is 145 pA.
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Figure 3 Dots and bars are the measured power levels
of fundamental carrier ( Py, ) and third-order intermod (
Py s ) under the same operating conditions as in Fig.2.
Calculated Py and Py, are shown as solid lines.
Calculated Py q, due only to the effect of AM/AM (

broken line ) or AM/PM ( dashed line ) are also shown.
The third-order intermod power in general did not rise
as the cube of the input power.

mA. Fig.2 shows the AM/AM (dB/dBm) and AM/PM
(degrees/dBm) measurement results for laser#1 biased
at 25.5 mA ( small signal resonance around 1.3 GHz )
and modulated by a 2 GHz sinusoid sweeping from -20
to 0 dBm. The maximum gain compression of about 3
dB and maximum phase deviation of about 5° occurred
at 0 dBm input ( current amplitude 6.3 mA ). For the
intermodulation tests, a combination of two equal
amplitude tones 20 MHz apart ( 2.0 and 2.02 GHz )
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were varied over a 20 dB range. Fundamental and
third-order intermodulation levels, measured on the
spectrum analyzer, are shown as solid dots and bars in
Fig.3. For the two-tone measurement, the third-order
intermodulation power levels were not dependent on
whether the input signals were in-phase or incoherent.

For this laser modulated by a 500 MHz sinusoid (far
below resonance) wunder the same bias level,
observations were very similar to those shown in Fig.2
and Fig.3. Sensitivity of AM/AM and AM/PM
distortion to laser resonance was investigated by
selecting an input frequency close to the resonance
peak. As the bias level was increased to 31.5 mA, a
small signal resonance peak was observed around 3
GHz. Both AM/AM and AM/PM performance changed
significantly ( about 4 dB gain compression and 20°
phase deviation at 0 dBm input ) as shown in Fig.4.
Strong reflection noise was also observed around 3 GHz.

S21 log MAG Sgq <
REF -14.33 dB REF 82 0°
507
AM/AM AM/PM
\ WN'\\
~N
™~
\\ N
S’ N
-20 0 -20 0

Total Input Power (dBm)

Figure 4 AM/AM and AM/PM characteristics for
laser#1 biased at 31.5 mA. Threshold current of this
laser is 19.5 mA. The modulating microwave frequency
is 3 GHz and the input power swept from -20 to 0 dBm.
The small signal resonance frequency under this bias
condition is 2.9 GHz. Reflection noise around 3 GHz
was high. Detected DC photocurrent is 425 uA.
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Figure 5 AM/AM and AM/PM characteristics for
laser#2 biased at 30 mA. Threshold current of this
laser is 17 mA. The modulating microwave frequency is
2 GHz and the input power swept from -30 to -10 dBm,
The small signal resonance frequency under this bias
condition is 1.95 GHz. Reflection noise was high
around 2 GHz. Detected DC photocurrent is 303 pA.



Increased sensitivity of AM/PM to reflection noise
around the resonance peak was also observed for
laser#2. The results are shown in Fig.5 where the laser
was biased at 29.5 mA ( small signal resonance peak
around 1.95 GHz ) and modulated by a 2 GHz sinusoid
( -30 to -10 dBm ). The swept power range was
adjusted to ensure minimal gain compression. The
maximum gain compression was only about 1.5 dB,
while the phase deviation was as high as 23°. Reflection
noise around 2 GHz was also high. The corresponding
fundamental and third-order intermodulation levels are
shown in Fig.6. Large third-order intermod fluctuations
occurred at low input power.
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Figure 6 Dots and bars are the measured power levels
of fundamental carrier ( Py, } and third-order intermod (

Py ¢, ) under the same operating conditions as in Fig.5.
Calculated P;, and Py, are shown as solid lines.
Calculted Py due only to the effect of AM/AM (

broke line ) or AM/PM { dashed line ) are also shown.
The third-order intermod power in general did not rise
as the cube of the input power.

Analysis

An analysis similar to that used for GaAs FET
amplifiers [5] or TWT amplifiers [6] was applied to
determine the relative importance of AM/AM and
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AM/PM distortions. The two in-phase input tones with
equal amplitude A | frequencies w,+Aw and w,+2-Aw can
be written as:

x(t) = A-cos( (w, + Aw)t) + A cos{ {w, + 2:Aw) t)
= X(t) cos( wo't + B(t)) (N

and the received AC photocurrent can be expressed as:

1(t) =1(X)-cos( wot+ #(t) + #X))

=G,(X)-X(t) cos{w, t+8(t)) - Go(X)X(t)sin{w, t+a(t)) (2)
where the first term in eq.(2) represents “in-phase”
amplitude- nonlinearity, the second term represents
”quadrature” amplitude- nonlinearity [7,8], and

X(U = AT (Seor kit Y+ Ssinl k At )
B(t) = tan™ ( élsin( k-dwt) | écos( kAt)) (4)
6y(xX) = L cos( 0(x)) (5)
6dx) = Dgin( o)) (6)

From eq.(2), it is clear that the measured AM/AM and
AM/PM data can be related to I(X) and 4(X)
respectively. By representing G,(X) and G X) with 4th
degree polynomials of X®, the coefficients of the
expansions can be obtained by least square fitting the
polynomial to the AM/AM and AM/PM measurements.
The fundamental and third-order intermodulation as
function of input power X2 can be calculated. Results
are shown in Fig.3 and Fig.6. Match between measured
and calculated data is fairly good. The contribution to
third-order intermod by only AM/AM or only AM/PM
can then be estimated by letting I(X) or 4(X) have zero
variation. These results are shown in Fig.3 and Fig.6.
For laser#1 biased at 1.3 times threshold current and
with maximum modulating current swing slightly into
the L-I curve knee region, AM/AM distortion
contributes 10 to 15 dB more to third-order intermod
than AM/PM. Tor laser#2 biased at 1.7 times
threshold current and modulating frequency in the
vicinity of resonance , the contribution to third-order
intermod is dominated by AM/PM by 10 dB for small
signals but when the driving signal becomes large
AM/AM becomes predominant.

High reflection noise around the resonance peak is
responsible for the wide AM/PM variations in Fig.4 and
Fig.5. If the reflection noise is minimized, phase
deviation can be significantly decreased. Therefore,
third-order intermod for microwave modulation near
resonance is dependent on the level of reflection noise.
For microwave driving signals above about -10 dBm
and near resonance, the sensitivity of AM/AM to
reflection noise also becomes significant.
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