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ABSTRACT

This project present the single state low noise figure and high frequency amplifier
(LNA). The design method is base on the small-signal S-parameter,smith chart is used to help in
the design procedure 8 GHz and 10 GHz LNAs were fabricated with low noise MESFET. From
measured result observed that the LNAS can be also operated with a good performance and stable
operation which noise figure is about 1.3 dB and nput VSWR is 1.3:1 while maintain the

opetating gain is about at 10 dB at 10 GHz.
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Conductivity

Conjugate impedance

¢ : connector separation
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GaAs : Gallium aresenide

Grown junction

h : dielectriec thickness

Hetero junction

Impedance

Inductive reactance

Inductive susceptance
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Isotropic

Instability

JFET : junction field — effect
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LNA : Low noise amplifier
lumped

Magnetic field

Matching

MESFET : metal
semiconductor field — effect

transistor

Microstrip

Microwave

Microwave amplifier

Microwave integrated circuit
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MOSFET : metal oxide
semiconductor field - effect

transistor

Narrow band

Ohm

Ohmic loss

Permeability

Permittivity

Pinch - off voltage

Reactance

Resistor

Reverse bias

s : circuit board side length
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S - parameter :
Scattering parameter

Scattering matrix

Schottky barrier

Skin depth

Skin effect

Skin resistance

Smith chart

Strip line

Strip transmission line

Stub

Substrate
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SWR : Standing wave ratio
TEM transverse

electromagnetic mode

tline

VSWR : Voltage standing
wave ratio

Xformer

zd : normalizing impedanece
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HEMT

id

feydnval

Capacitance, linville stability

Bandwith, or upper frequency limit

cut-off frequency of lumped line

maximum frequency oscillation, frequency at which power gain
of FET or HEMT falls to unity

transition frequency, frequency at which current gain of FET or
HEMT

small-signal value of feedback conductance
microwave value of transconductance
microwave output conductance FET or HEMT
conductance ; gain

power gain from generator to output
small-signal current gain

large-signal power gain

small-signal power gain of FET or HEMT
transducer power gain

unilateral transducer power gain

substrate -thickness

high electron mobility transistor

small-signal current |

small-signal drain current

total instantaneous value of drain current
small-signal gate current

small-signal source current

dc current

dc value of drain current

drain current with gate shorted to source

Value of I per unitgate width
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boltzmann’s constant

length of microstrip in a drain line section
length of microstrip in a gate-line section
N-type semiconductor a layer

minimum noise figure

output power

input power

quality factor

resistance ; random number

microwave value of drain series resistance
de value of channel resistance

de value of dram series resistance

gate resistance at microwave frequency
dc resistance of gate strip

resistance of N-layer in schottky diode
microwave value of source resistance

dc value between gate and actual source
forward gate bias or drive

pinch - off voltage

voltage standing wave ratio

small-signal admittance parameters

load admittance

Characteristic impedance of transmission line
Attenuation per umit distance

phase coefficient

Complex propagation coefficient
Reflection coefficient

load reflection coefficient

skin depth ; tunability

Absolute permittivity of GaAs
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Effective permittivity of microstrip
Relative permittivity

Mean-free path between scattering events
Guided wavelength

drift mobility ; absolute permeabity

Conductivity
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3-30 Hz VLF (Very Low Frequency)
30-31 kHz LF (Low Frequency)

300 kHz-3 MHz MF (Medium Frequency)

3-30 MHz HF (High Frequency)

30-300 MHz VHF (Very High Frequency)

300 MHz-3 GHz UHF (Ultra High Frequency)
3-30 GHz SHF (Super High Frequency)
30-300 GHz EHF (Extremely High Frequency)
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VSWR = Vows 2.27)

min

) ¥

)

sas1dIunduilwemIey (VSWR) uaaslumizes dB eriidedidasidiund
(Standing Wave Ratio :SWR)

Ul

SWR(dB) = 20log(VSWR) (2.28)

ssufiuaudggauazigave ety el
1 o H a 4? ® ¥ g
soufinaudgeganiaunsanatu lduumsmusad o Idnmaumsde i

VSWR = L.
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sufuduiy
ySwR =1t "'_I .
nanguesleny
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wla
vswr Vil Za +V. 1 o
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z_(Tevi) = (VSWR)Z,

anudntuteniusandiunduiisveassusudulseiminisaceundy
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(2.29)

smdt ST n s A duaBuiisveus iy (VSWR) sazdnlsz@ninisasiou

nauvs s ua s uaa Taasunaunisi 2.30

vV
VSWR = 22—
P
unudwes v uaz v, asluaums
V.+V
VSWR = ———
V-V
MasmeEardIudan v,
1+V, 1V,
VSWR=——t2+

1=V,

(2.30)
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anua luauns VSWR
1+
VSWR = l { 23D
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¢'1&a1 I il
VRSl (2.32)
VSWR +1
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1+ g YA g <
+
VSWR = L -
e |Eieres
Eip) A<l
MmsgamusrutasdIugae 2, + Z,
VSR = Y - P 1
Z, +Z,-2, +2Z,
VSWR = 22,
37,
Ly A
VSWR = 7 Wez,<z (2.33)
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VSWR = —;—0— e z,> 7, @.39)

L

2.2.3 aumshlFlumsma s uymdafiuaud
1 a a A o o o = [ i a o P
aBuymBuiuauFvesmaThFyanufisvesin L) nndmszdufivaud z, Tash

mehdygaddvufivaudguanuuy z, mldningas

5 L Z, +jZ,tan AL

o (2.35)
e
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UNN \¥

) s g
511 2.9 swduiusszudedanlsluonnis® 2.35

M B luaumsiiveSondidinsdaueund  (Phase constant) 3IBAINIAIVGS

é IS dy
AINI1INAU (Wavelength constant) UAIAIU

4 v
mohdgapaniuiambemwendhumsviediumizsvesnuenaiuniioues
H A A H H v z i 7
ANeIRaY lannnsdisuda (Normalized) a3wdnldeluvaziniiomasiiulilins

E4
Wsumeaunsafiounsaesds laangl
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BL = 180 9381
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N
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=
=
|
N
Q
TN
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N
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Z 8w Zo Z @ vivm
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¥
M3z BL = 1.57 (5tRou %58 90 asm auiusy 1

(2.36)

Buym

Z s + JZ, tan 90°
°\ Z,+ jZ, tan90°

9
NITHIINIAAABUAZAIUAY tan 90°

Z i 1 12090° + jZ,,
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JZo
Zin = ZO .
1put JZouzput
Z% s
Z i = . (Tevin) (2.37)

T A o o o 3 * 3 t o o
mywisufiuaudquinyuzvssninhdganuiiuiinneg  Adurm  uazem

a oA o =2 @ Aa'
ﬂﬂﬂﬂwuﬂucﬁmﬂﬂﬁWﬂﬂﬂuﬂiNﬂwuﬂuﬁ'ﬂlﬁﬂﬂﬁ"ﬂ 2.38
— » A
Zy = FORINZ (2.38)

maandiiuiveduitaudaadnyauzduBunozeniymanfiuaud 14 lnons
udauns 1d3
2

o\ Zinput Zouqmt

7 (2.39)

ZO = Z output

input
= o _ s
2.2.5 ANNGYEABUNE TR
v ¢
A umuvssmnhdygnaezsh D iueundgavesafuus shunasnssuavsiian

nsznuLazazieundugnasnennseduaeiiie aegaln2.12

ANgeyTaio91nR 1909631 (Skin Effect)
M ¥ v v v 9 ]
dieadvesnduaiman ihaneltusuvsdniuiudy  anudnvesnszuad
v 0] ¥ v
ufifmITzanns AnuanveInszuaRmIdIhenmNdnNuAIR1 (Skin depth)
:/, < = = 2(‘ Aa o o KX A [] ﬂ
FuANUANUI DIz EzANNANTINHURITIFlin T Luenseudanaslly /€ veq
r 9 T
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Skin-depth = ——— (wn9g) (2.40)
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S8 1 +8,8 y = 1 (3.3)
$,8 p+S,S , = 1 (3.4)
$uS p+ 8,8, = 0 (3.5)

*

A

k4
iflesnin S, = S, Autuauns (3.3) senihdudums (3.4) wazhld s, uaz

-

S,, frwduiudfuded
1S, = S| (3.6)

HAZINAUNT (3.3) 1519 18

il ,/1 ~|s1r’| (3.7)

Fothuilersl S, r Sul U | Snl | Sul s, =1~ l Sul o % a

9
udaumnusaiasluannis (3.5) 92 1anaseil

lsi| a-l's | 57?2 29 2 g
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01 + 02 = 20+m
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2 'lumsa@mmm:ﬁ'm1t7'ﬂ'mmﬁma§msﬂi fowmmmaﬂmmmwmmsa%a

fou  Tasernez@oululisunsy Notepad udaldumanaiiy = dev ioes LA I192993

mmaﬂﬂsmmﬂm’mz

aoaldlunthasueg PARTS lasldnds device daogiusy

{FHX04FA/LG Fujitsu HEMT (89/90), £=0 extrapolated; Vds=2V, Ids=10mA }
si1 s21

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0

3.1l semup.putr mmsﬂmuﬂmmuﬂsmaqwmmmmnumsaammiu

4
0.983
0.940
0.897
0.854
0.805
0.756
0.726
0.696
0.672
0.649
0.633
0.618
0.608
0.599
0.582
0.566
0.545
0.525
0.395
0.465

<278
-43.7
-59.9
-76.1
-93.8
-111.4
-125.1
-138.8
1531
-163.3
-175.6
172.2
162.9
1535
143.6
133.7
122.0
110.3
99.2
88.1

5.636 154.1
5.347 139.4
5.058 124.8
4.769 110.1
4.437
4.105
3.825

95.2
80.3
67.3
54.3
42.6
3.129 308
2.984 19.1
2.839 74

3.545
8.337

- LI B
2.605 -13.6
2.536 -24.7
2.468 -35.8
2.439 -48.2
2.410 -60.5
2363 -73.1

2.315 -85.6

ﬁmmsaammwmmamﬂﬂ AR08

s12

0.024
0.038
0.052
0.066

69.7
59.6
49.6
403
0.073 303
0.081
0.084

0.087 7.9

21.0
14.1

0.088 1.6
0.089
0.089
0.089

4.0
-10.1
~15:9
0.087 -21.9
0.084
0.085
0.086
0.089

0.091

-28.6
-36.8
-48.5
-61.7
-77.9
0.090
0.089 -119.9

-97.2

s22
0.620 -15.2
0.604

0.585

-28.9
-42.4
-55.8
-69.2

0.564
0.541
0.524 -82.0
0.521 -93.6
0.524 -104.7
0.538 -115.4
0.552 -125.7
0.568 -136.4
0.587 -146.4
0.611 -156.2
0.644 -165.4
0.676 -174.8
0.707 174.2
0.733
0.758
0.783

0.793

163.6
150.9
139.1
126.6

19U
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\b{oard} {.puf file for PUFF, version 2.0}

d 0 {display: 0 VGA or PUFF chooses, 1 EGA, 2 CGA, 3 One-color}
o 1 {artwork output format: 0 dot-matrix, 1 LaserJet, 2 HPGL file}
t 0 {type: 0 for microstrip, 1 for stripline, 2 for Manhattan}

zd 50.000 Ohms {normalizing impedance. O<zd}

fd 5.000 GHz {design frequency. 0<fd}

er 10200  {dielectric constant. er>0}

h 1270 mm {dielectric thickness. h>0}

s 25400 mm {circuit-board side length. s>0}

¢ 19.000mm {connector separation. c>=0}

r 0200 mm {circuit resolution, r>0, use Um for micrometers}

a  0.000 mm {artwork width correction.}

mt 0.010mm  {metal thickness, use Um for micrometers. }

st 0.000 Um  {metal surface roughness, use Um for micrometers. }
It 0.0E+0000 {dielectric loss tangent.}

cd  5.8E+0007 {conductivity of metal in mhos/meter.}

p 5.000  {photographic reduction ratio. p<=203.2mm/s}

m  0.600  {mitering fraction. 0<=m<1}

\k {ey for plot window}

du 0 {upper dB-axis limit}

dl -20 {lower dB-axis limit}

1 0 {lower frequency limit. fI>=0}

fu 10 {upper frequency limit. fu>fl}

pts 51 {number of points, positive integer}

sr 1 {Smith-chart radius. sr>0}

S 11 {subscripts mustbe 1, 2, 3, or 4}

\p{arts window} {O = Ohms, D = degrees, U = micro, [=parallel}
lumped 1500

tline 500 90D

gline 500 130D
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LOW NOISE InGaAs HEMT

Typical Characteristics’
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GMGF4318D 5| 12 0.55 11.5 GG | Palette I
AMGF4314E::3 12 0.80 11.5 GG Palette
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MITSUBISHI SEMICONDUCTOR <GaAs FET>

T MGF43_IOD,Series

SUPER LOW NOISE InGaAs HEMT

1
+180°

i essm N
ey 3 e
——a ) h3nd|
. . A o . L-', > i :
S PARAMETERS (Ta=25T, Vos=2V. o= 10mA) > | _ e A
Freq. Su Sz X Stz | S22 £ MSG/MAG"
(GHz) Mag. Ang. Mag. | A Mag. Ang. | Mag Ang. i (dB)
10 0.983 - 215 5.636 154.1 0.024 69.7 0.532 — 21.7 0.119 23.7 -
2.0 0.940 - 43.7 |- 5.347 138.4 | 0.038 53.6 0.554 - 3.2 0.233 2
3.0 0.897 — 59.3 5.058 124.8 0.052 49.6 0.536 - 6.7 0.305 19.9
4.0 0.854 — 76.1 4.789 10.1 0.066 33.5 0.508 - 59.2 0.365 18.6
.. s oos | — o8 | aaar []owgy? 0.073 29.6 0.481 | — 72.7 | 0.438 17.8
6.0 0.756 —111.4 4.108 30.3 0.081 19.7 0.453 — 8.1 0.520 17.0
7.0 0.726 | —125.1 3.825 67.3 0.084 T8 0.442 ‘97,7 | To.ss” | 6.6
8.0 | 0.6% —138.8 3.545 54.3 0.087 - 33 0.431 —109.2 0.660 16.1
3.0 0.672 —151.1 3.37 2.6 0.088 - 3.3 0.433. | —118.7 0.721 15.8
10.0% | 0.549 —163.3 3.128 0.8 o083 | — 9.8 0.436 —128.1 0.790 15.5
11.0 | T0.633 1756 2.984 8.1 0.089 ~16.9 0.435 —137.2 0.852 15.3
12.0 0.618 172.2 2.833 7.4 0.089 —23.9. 0.434 —146.2 0.921 15.0
13.0 0.608 162.9 2.722 - 3.1 0.087 —28.5 0.450 —154.4 0.974 15.0-
34.0 0.539 153.5 2.605 1 —13.6 0.084 -33.0 0.467 —162.5 1.033 R
15.0 0.582 143.6 2.53 | —24.7 0.085 -39.9 0.484 —169.6 1.061 13.2
16.0 0.586 33,7 2.262 ; ~35.8 0.086 —46.8 0.501 —176.7 1.087 | 12.8
17.0 0.545 122.0 2435 | —48.2 0.088 —26.1 0.515 175.9 1.085 2.5
18.0 0.525 110.3 2.410 | —80.5 0.091 —§5.3 0.529 168.4 1.101 12.3
- 18.0 0.495 9.2 2.383 -7 0.050 -76.0 £.523 161.9 1.229 1.3
20.0 0.465 88.1 2.31s | —2s.6 | - 0.088 —86.6 0.518 1s5.4 [ 1.358 10.5




MITSUBISHI SEMICONDUCTOR < \s FET,
MGF4310D Series

SUPER LOW NOISE InGaAs HEMT

TYPICAL CHARACTERISTICS (Ta=25T)
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" MITSUBISHI SEMICONDUCTOR <GaAs

MGF4310D Series-

FED>

* SUPER LOW NOISE InGaAs HEMT

DESCRIPTION

The MGF4310D series super-low-noise HEMT (High
Electron Mobility Transistor) is designed for use in X to
K band amplifiers. The hermetically sealed metal-ceramic
package assures minimum parasitic losses, and has a
configuration suitable for microstrip circuits? - - i

FEATURES ) .

‘@ Low noise figure @f=12GHz - : - - =

- MGF4314D: NFmin.=1.00dB (MAX)
MGF4316D: NFmin.=0.80dB (MAX) . ., .
MGF4317D: NFmin.=0.70dB (MAX) -
MGF4318D:.NFmin.=0.60dB (MAX)

e High associated gain Gs=9.5dB(MIN) . @f=12GHz

APPLICATION 7 AR

X to K band supér40\;\;;;oise—:;nipli%;s. |

y GJTLINE DRAWING  Unit: millimaters (inches)

I AMIN. :I.BSto.z AMIN.

__ __ _(D.157MIN.) (0.073+0.008) (0.15TMIN.)
[ 1 o =
- o
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: o
Z _- +
= o
< 1)
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4 1

1.85+0.2
(0.15TMIN.) (0.073: 0.008) (0.157MIN.) !
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CAMING

QUALITY GRADE e N (D;;f;gjua) -
® GG o :
i n o
RECOMMENDED BIAS CONDITIONS T I
® Vps=2V Ilp=10mA"~ " J. ;4 : 3ls .
® Refer to Bias Procedure ' € ;E é'é
d raee - ) Qo
¥ s ' g @ SOURCE
: : G4 .S 19 >
ABSOLUTE MAXIMUM RATINGS (Ta=25T)
Symbol Parameter Raongs Unnt
Vepo Gate to drain voltage -4 )
Veso Gate 10 source voltage —4 \'%
o . Drain currem 60 mA y
Pr Total power dissipaton Ele] mw &
Tch Channel temperature i 12 T
Tstg Storage temoerature —&5——125 €
ELECTRICAL CHARACTERISTICS (Ta=25T)
Limnts
Symbol Paramefer Test condrmons ; v ! T o Unn
V(BR)GDO | Gate to drain breakdown volage | Ig= — 100u4 -3 | — - v
V(8R)Gso | Gate 10 source breakdown vorage| Ig= — 100u4& -3 f — == A2
lgss Gate 10 source leakage curremt Vgs=—2V, Yps=0V - ] - s0 | uA
loss Saturated drain cumment Vgs=0V, Vas=2V i 10 | 20 60 mA
Ves(otn | Gate to source cutoff vorge | Vps=2Y, 1z=500uA -0 | — —1.5 v
gm | Transconductance " | Vos=2v. iz=10mA w | 60 — mS
Gs | Assocated gain ' ~ ~9.5 | LST1TEE 22 T d8
; ] . - MGF&31D0 |  — | o0.80 1.00 )
Vps=2V, 1;,~wn'm, t=12GHz MGF43160 | - | o0.75 0.80 d8
NFmn Minimum noise figure ' MGF&3i7D | — | 0.85 0.70 @8
m MGF4318D | — | 0.55 0.60 a8
Rtn(ch-a) | Themmal Resistance. - =1 | AVI memoc | — | = 825 T /v

% 1: Channel 10 ambrert
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RO4003™ High Frequency Material Insertion Loss Comparison
With Other Material Types

Microwave circuits require substrate materials that have tight control
of dielectric constant as well as low loss. Materials that meet these
requirements traditionally have been priced much higher than con-
venlional epoxy/glass boards. The emergence of the commercial
microwave market has brought about a strong need to balance perfor-
mance, manufacturability and cost. The introduction of Rogers
RO4003™ High Frequency Material bridges the gap by providing
tight control on dielectric constant, and low loss, while processing the
same as standard epoxy/glass at a fraction of the cost of conventional
microwave laminates. RO4003 is a proprietary woven glass reinforced
hydrocarbon/ceramic with the electrical performance of PTFE/woven
glass and the manufacturability of cpoxy/glass.

An evaluation of insertion loss for a 500 microstrip transmission line
was conducted on several materials. The materials selected range
from standard FR4 (difunctional epoxy), to the more sophisticated
PTFE based laminates (GX and RO3003). The goal of the evaluation
was to quantify the circuit losses on the various lypes of materials.
This would enable one to better understand the frequency limitations
of each material type. The selected materials and advertised €, are
presented in Table L.

Table I. Commercial Grade Materials for Microwave Applications

Material Advertised €

RO3003™ (PTFE/ceramic) 3.0

‘ GX (PTFE/woven glass) 24-26
RO4008™ (Hydrocarbon/woven glass) 3.38

— 37-39
Epoxy/PPG 3.95
BT/Epoxy 4.0
Difunctional Epoxy 4.5

In order to obtain the insertion loss of the 500 lines, two different
length lines, 3 and 7 inches long, were measured for S, from 0.1 to 18
GHz on a network analyzer. The difference of the two measured
values was divided by the difference in the length of the lines. The
result of this operation would vieid the insertion loss of the incremen-
tal length of the line thus eliminating most of the losses caused
reflections at the launch site. Figure | displays the mothel aged oo
ca'culation. All circuits were fairricated <1 0.0307 maters

CO[DPC‘I’.



egression analysis was conducted on the various resultant measurements to oblain a linear
aracterization of the insertion loss versus frequency. Figure Il and Table 11 provide data based on

L1

S21(L2)-S21(L)
Ins Loss =

L2-L1

u

L2

Figure I. Calculation of Insertion Loss Data

e regression models for all six materials at various frequencies.

Table II. Insertion Loss vs. Frequency in dB/inch

Frequency | RO3003 GX RO4003 | BT Glass Epoxy/ PPO | BT/Epoxy | Difunct Epoxy
0.5 -0.003 | -0.006 -0.009 -0.017 -0.022 -0.027 -0.039
1 -0.007 | -0.012 -0.018 -0.033 -0.043 -0.054 -0.078
2.5 -0.017 | -0.031 -0.044 -0.082 -0.106 -0.132 -0.192
5 -0.036 | -0.063 -0.088 -0.167 -0.216 -0.269 -0.391
10 -0.071 -0.126 -0.176 -0.334 -0.431 -0.538 -0.782
15 -0.107 | -0.189 -0.265 -0.501 -0.647 -0.807 -1.174
18 -0.128 | -0.226 -0.318 -0.602 -0.777 -0.969 -1.409

dB/inch

0 2 4 6 8 10 12 14 16 18
frequency, GHz
- —4—-R0O3003 --M--GX ——A-- RO4003 —¥— BT Glass

—---%--- Epoxy/PPO  —@— BT/Epoxy

——+— Difunct Fpoxy

Figure II. Moceted Microstrip Insertion Loss Data




RO:03 material provides loss comparable to RO3003 and GX material. A large increase in loss is
evident when £0Ing to the next malerial, BT glass. The lossiest material, difunctional epoxy, is 4.5
time lossier than the RO1003. Overall when sclecting a material during the design stages, issues
like;

* € control

* material loss

¢ electrical and mechanical thermal stability

* manufacturability

° cost
need to be considered in order to reduce cycle time of the design.

There are many materials being evaluated for commercial microwave applications, but once perfor-
mance and cost are evaluated, the choices narrow down to a few, RO3003, GX and RO4003 among
them. These remaining choices provide good ¢, control as well as low loss, critical for frequencies at
C-band (4 to 8 GHz) and above. RO4003 not only provides the needed electrical characteristics, but
can also be manufactured with standard epoxy/glass processes, bringing down fabrication costs.
In general, RO4003 combines the best of electrical properties with ease of fabrication at a competi-
tive cost for commercial applications.

ROGERS

Rogers Corporation

Microwave and Circuit Materials Division
100 S. Roosevelt Avenue

Chandler, AZ 85226-3415

602 961-1382 FAX: 602 961-4533

These products may require a validated export license issued by the United States Department of Commerce for export of these materiais from
he United States or Canada.

The informatica and < idelines contained in this document are intended to . ssistyou in cizsigning with RO4ICO™ mate-ials. They are nat
ntendedio anadonot creste any warranties expruss or imphed Including ariv warranty of merchantability cr fitness for a particular app.cation
ulls may vary es conaitons ang equipment may vary. The user shouid deiermi e the suraotiit: of Rc yers materials for each apphicaiion
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RT /duroid® 5880
Glass Microfiber Reinforced
Polytetrafluoroethylene Composite

RT/duroid® 5880 glass microfiber reinforced PTFE
composite is designed for exacting stripline "and
microstrip circuit applications.

Glass reinforcing microfibers are randomly oriented
to maximize benefits of fiber reinforcement in the
directions most valuable to circuit producers and in
the final circuit application.

The dielectric constant of RT/duroid 5880 laminates
is uniform from panel to panel and is constant over
a wide frequency range. Its low dissipation factor
extends the usefulness of RT/duroid 5880 to Ku-
band\\ind above.

RT/d,u\ro\ld 5880 laminate is easily cut, sheared and
mac@d to shape. It has excellent dimensional
stability and is resistant to all solvents and reagents,
hot or cold, normally used in etching printed circuits
or in plating edges and holes.

Normally supplied as a laminate with electrodepos-
ited copper of 1/4 to 2 ounces/ ft.2 on both sides,
‘RT/duroid 5880 composites can also be clad with
rolled copper foil for more critical electrical applica-
tions. Cladding with aluminum, copper or brass plate
may also be specified.

When requested coppef-clad, RT/duroid 5880 com-
posite can be certified to MIL-S-13949 Type GRN or
Type GPN microwave material specifications.

When ordering RT/duroid 5880 laminates, it is im-
portant to specify dielectric thickness, tolerance,
ro!led or electrodeposited copper foil, and weight of
copper foil required.

Seareverse for oro fnice .,



PROPERTY TEST METHOD CONDITION UNITS[1] DIRECTION TYPICAL VALUE[2)
Loeies i Conulard, L IMHZ,IPC'TM‘GSO, 2553 C 24/23/50 = 2 2.20
10GHz, IPC-TM-650, 2.5.5.5 C 24/23/50 ' 2.20% 0.02 (£ 0.01 availabie)
Drissipation iacian Lo é IMHz, IPC-TM-650-2.5.5.3 C24/23/50 — Z 0.0004
10GHz, IPC-TM-650,2.5.5.5 C24/23/50 — z 0.0009
Volume resistivity IPC-TM-650,2.5.17.1 C96/35/90 Mohmcm z 2x10’ T
Surface resistivity IPC-TM-650,2.5.17.1 C96/35/90 Mohm XY 3x 108
Testat23°C Testat 100°C
Tensile modalus ASTM D638 A MPa (kpsi) X 1070(156) 450 (65)
Y 860 (125) 380 55)
uililliale stress MPa (KPSI) X 29 (42) 20 (29)\_
Y 27(3.9) 18(2.6)
Uit Yo % X 6.0 7.2
o - Y 4.9 5.8
Compressive modulus AST D695 A MPa (kpsi) X 710(103) 500(73)
Y 710(103) 500 (75)
z 940 (136) 670 (97
ultimate stress MPa (kpsi) X 27(3.9) 22(3.2)
Y 28 (4.0) 21 (3.1)
z 52 (7.5) 43(6.3)
e % X 8.5 8.4 B
Y 7.7 7.8
e o Z 12.5 17.6
Deformationunder .oad ASTM D621
Testat 150°C
24 hr/14MPa(2 kpsi) % Z 1.0
VWalerabsoiption ASTM D570 D 24/23
Thickness = 0.8 (0.031in.) mg (%) 0.9(0.02)
Thickness - 1.6mm (0.€32in.) mg (%) 1.3(0.015)
Specific gravily ASTM D792 — 2.2
Hestdistoiontemperature ASTM D648 1.82MPa (264 psi) °C(°F) X, Y >260 (>500)
Speuiiic heat Calculated JIg/K(BTU/Ib/oF) 0.96 (0.23)
Thermalcapd ictivity Rogers TR2721 WIm/K(BTU in/ft?/hr/°F) Z 0.26(1.8)
The IwafA,-xfl,”%£|’()ﬂ ASTMD3386 mm/m - X Y Z
(10 K/min.) -100°C -6.1 -8.7 -18.7
IR -0.9 -1.8 -6.9
(Values given are wtal change from a 25 -0.5 -09 w45
base tempe:aiure of 35°C) 75 1.1 1.5 8.7
150 2.3 3.2 263
250 3.8 5.5 6S.5
! fetlent ot equenlly used units in parentheses. The above information is not intended to and does not Creale any warranties, express or implod, including any
{ B 130 22242854 Tests were al 23°C unless olherwise warranty of merchantability or litness for a particular purpose. Use of RT/duroid microwave laminate in you-
-w wl.oula nol be used tor specitication hmits. particular application may yield diflerent results. :
These products may require a validated export license 1ssued by the U.S. Department of Commerce for export
of these matenals from the United States or Canada.
{ {l i 2t { ‘) RT/duroid is a reqisterod trademark of Rogers Corporation lor its microwave laminates,
B - Fuvisug 4.
‘ i Division, 100 S. Roosevell Avenue,Chandler, AZ 85226-3415 602 961-1382 Fax: 602 961-4533 e

Subersedes 692
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AARON

Electronic Substrates

Product Listing and Typical Properties

* MIL-5-13949 Current Revision

Kevlar® and Thermount® are tradenames of the DuPont Company

Polyimide Products
Resin | Product Description Tg MIL*| UL-94 Fabric Comments
33N Kerimid 701 (V@) Non-MDA Polyimide 260°C GIL VO E V@ Replacement for Kerimid 601
35N Kerimid 701 (V1) Non-MDA Polyimide 260°C GIL %1 E V1 Replacement for Kerimid 601
85N Non-MDA Polyimide 260°C GIL HB E No MDA, Bromine or Diamines
84N "Howefilm" Filled Hole-Fill Prepreg 260°C GiL N/A E Filled 85N
37N No-Flow Polyimide Prepreg 200°C Gl N/A E Non-MDA, Rigid Flex
HF Howefill Filled Hole-Fill Compound 260°C N/A N/A N/A Filled Polyimide Resin
Epoxy Products
Resin | Product Description Tg MIL UL-94 Fabric Comments
45N Multifunctional Epoxy 175°C GFG Vo E High Layer Count MLB's
44N “Multifilm"” Filled Multifunctional Prepreg 175°C GFG VO E Filled 45N
47N No-Flow Tetrafunctional Epoxy Prepreg 130°C GFN V0 E Rigid Flex, Heat Sinks
49N No-Flow Multifunctional Prepreg 180°C GFG Vo E Rigid Flex, Heat Sinks
Controlled Thermal Expansion ‘l
Resin | Product Description Te MIL UL-94 Fabric Comments
45NK Multifunctional Epoxy/Keviar® 175°C AFN N/A K CTE = 4-7 ppm/°C
55NT Multifunctional Epoxy/Thermount® 175°C BFG V0 B CIE = 7-8 ppm/°C, 200 Series
55RT High Resin Multifunctional Epoxy/Thermount® 175°C BFG Meets VO B CIE = 10-12 ppm/°C, 710 Series
85NT Polyimide/Thermount® 250°C BIL N/A B CIE = 7-8 ppm/°C, 200 Series
31NQ | Polyimide/Quartz 260°C Qi N/A Q CIE = 9-12 ppm/°C
31N Copper-Invar-Copper Clad Polyimide 260°C GIL V1 E CIE = 9-12 ppm/°C
85N Copper-Invar-Copper Clad Polyimide 260°C GlL HB E CTE = 9-12 ppm/°C
45N CIC Clad Multifunctional Epoxy 175°C GFG Vo E CIE = 9-12 ppm/°C
Additional Resin Systems
Resin | Product Description Tg MIL UL-94 Fabric Comments
63N Cyanate Ester 240°C GCN Vo E Low Dielectric Constant
[ Specialty Foils
Electrodeposited, High Temperature Elongation, and Rolled Annealed Copper Foil
Double Treat and Drum Side Treated Copper Foil
5 and 9 Micron Copper Foil (Fine Line Designs)
Ohmega-Ply® Resistive Clad Copper Fail (Etched Planar Resistors)

Fabric Types: E = E-Glass, Q = Quartz Fabric, K = Kevlar®, B = Thermount®

WVIATERIALS FOR ELECTRONICS

9433 Hyssop Drive, Rancho Cucamonga, CA 91730 » Telephone: (909) 987-9533 « Fax: (909) 987-8541

1100 Governor Lea Road, Bear, DE 19701 » Telephone: (302) 834-2100, (800) 635-9333 « Fax: (302) 834-2574

37 Rue Collange, 92300 LeVallois, Perret, France « Telephone: (33) 1-427-02642 * Fax: (33) 1-427-02798

44 Wilby Avenue, Little Lever, Bolton, Lancashire, BL31QE, UK. Telephone: (44) 120-457-6068 » Fax: (44) 120-479-6463
E-mail: substrates@arlonmed.com e Website: www.arlonmed.com

1298-Rev 2 Copyright © 1998 Arlon, Materials for Electronics  Printed U.S.A.

Arion is an
ISO 9002
Registered
Company




JRLON

Microwave Materials

Product Listing and Typical Properties

Woven Fiberglass Reinforced PTFE - Unidirectional

Dielectric Constant Dissipation Factor MIL-S-13949H CTEz Comments
DiClad® 522 240 - 2.60 £ 0.05 0.001 GT 173 Tested at 1 MHz
DiClad® 527 2.40 - 2.60 + 0.04 0.0022 GX 182 Tested at 10 GHz
DiClad® 870 233002 0.0013 GY 217 Tested at 10 GHz
DiClad® 880 2.17,2.20 £ 0.02 0.0009 GY 252 Tested at 10 GHz
Woven Fiberglass Reinforced PTFE - Crossplied
CuClad® 250GT | 2.40-2.60 + 0.05 0.001 GT 177 Tested at 1 MHz, in plane isotropy
CuClad® 250GX | 2.40- 2.60 = 0.04 0.0022 GX 177 Tested at 10 GHz, in plane isotropy
CuClad® 233LX 2.33 £0.02 0.0013 GY 194 Tested at 10 GHz, in plane isotropy
CuClad® 217LX 2.17,2.20 £ 0.02 0.0009 GY 246 Tested at 10 GHz, in plane isotropy
Nonwoven Fiberglass Reinforced PTFE
IsoClad ® 933 233004 0.0014 GP, GR 203 Tested at 10 GHz, Conformal
IsoClad® 917 217,220 £ 0.04 0.0010 GP, GR 236 Tested at 10 GHz, Conformal
Commercial Grades PTFE
AR 320™ 3.20 £ 0.05 0.003 N/A n Tested at 10 GHz
AD Series™ 2.50- 3.60 = 0.05 0.002 - 0.003 N/A 175 - 65 Tested at 10 GHz
Ceramic Filled PTFE
CLre™ 2.94 Nominal 0.0025 N/A 38 Er Stable Over Temperature
AR 350™ 3.5 Nominal 0.0026 N/A 107 tr Replacement for BT, CE
naaud i AR 450™ 45 Nominal 0.0026 N/A 102 Er Replacement for FR-4
16 ™ AR 600?_\ 6.0 Nominal 0.0035 N/A 62 Er Design Flexibility
%t AR 1000“‘\/ 10.0 Nominal 0.0035 N/A 37 Er Varies with Thickness
PAS Patng Non-PTEE Resin Systems, Er Stable Over Temperature
25N 3.28 +.05 0.0024 N/A 60 1.5 GHz Cavity Test
25FR 3481 .07 0.003 N/A 60 1.5 GHz Cavity Test, Meets UL94V-0
Thermoplastic Bonding Material Melt °F/°C| Supplied Thickness
CuClad® 6250 232010 0.0013 N/A 213/101 .0015"
CuClad® 6700 2.35+0.10 0.0025 N/A 379/193 .0015", .003"
CLTE-P™ 2.94 0.0025 N/A 510/265 .0032"

Master sheet sizes are 36" x 36", 36" x 48", 48" x 54" and 36" x 72",

Check for availability by product line.

DiClad®, CuClad®, lsoClad® and CLTE™ are Arlon Registered Trademarks

ELECTRONICS
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AR350/450

PTFE/Nonwoven Fiberglass/Ceramic Laminates:
Gircuit Board Substrates for High Speed and
Microwave Applications

AR350° and AR450° represent a class of PTFE based laminates designed to offer dielectric constants
similar to thermoset laminates. These materials offer nominal dielectric constants of 3.50 and 4.50,
approximating the values of such resin systems as BT, cyanate ester and FR-4 epoxy. Since the dielectric
- constants-match-the existing thermoset materials, designs on these products would not require modification
to take advantage of the lower loss properties available with the AR350 and AR450 products.

The nominal dielectric constant tolerance of + 0.03 is more consistent than that of typical thermoset grades,
assuring more consistent performance. Another significant advantage offered by these products includes the
loss tangent performance a designer would expect with PTFE based laminates, up to an order of magnitude
better than thermoset resin based materials.

Adapting coating technology from PTFE/glass laminates, AR350 and AR450 have much better dielectric
constant uniformity, both within a sheet and between sheets, than thermoset based laminates of similar
dielectric constants. To the designer, dielectric constant uniformity and low loss tangent allow better
impedance control and a higher signal to noise ratio.

Availahility:

AR350 and AR450 laminates are supplied with 1/2, 1 or 2 ounce electrodeposited copper on both sides.
Other copper weights and rolled copper foil are available. AR350 and AR450 are available bonded to a
heavy metal ground plane. Aluminum, brass or copper plates also provide an integral heat sink and
mechanical support to the substrate.

When ordering AR350 and AR450 products, please specify thickness, cladding, panel size and any other
special considerations. Available master sheet sizes include 36" x 48" and 36" x 72".

ARON
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Tynical Properties: AR3507

PTFE/Nonwoven
iberglass/Ceramic Laminates

Dielectric Constant @10GHz IPC TM-650 2.5.5.5 C23/50 4.130 &
Dissipation Factor @10GH;z IPC TM-650 2.5.5.5 C23/50 0.0026 0.0026
Thermal Coefficient of E, IPC TM-650 2.5.5.5 Adapted -10°Cto +140°C 213 -238
(PPmM/°C)
Volume Resistivity (MQ-cm) IPC TM-650 2.5.17.1 €96/35/90 34x10" 33x 108
Surface Resistivity (Mq) IPC TM-650 2.5.17.1 C96/35/90 46x10" 48x10"
Arc Resistance (seconds) ASTM D495 D48/50 > 180 > 180
Tensile Modulus (kpsi) ASTM D-638 A 23°C 154 155
Tensile Strength (kpsi) ASTM D-882 A 23°C 147 150
Compressive Modulus (kpsi) ASIM D-695 A 23°C 223 228
Flexural Modulus (kpsi) ASTM D-790 A 23°C 342 345
Dielectric Breakdown (kv) ASTM D-149 D48/50 >45 >45
Specific Gravity (g/cm®) ASTM D-792 Method A A23°C 2.36 2.39
Water Absorption (%) MIL-S-13949H 3.7.7 E1/105 + D24/23 0.08 0.08
IPC TM-650 2.6.2.2

Coefficient of Thermal IPC TM-650 2.4.24 0°Cto100°C
Expansion (ppm/*C) Mettler 3000

X Axis Thermomechanical Analyzer 35 30

Y Axis 35 30

Z Axis 115 110
Thermal Conductivity (W/mK) ASTM E-1225 100°C 0.310 0.320
Outgassing NASA SP-R-0022A

|}

Total Mass Loss (%) Maximum 1.00% 125°C,<10"6 torr 0.04 0.04

Collected Volatile Maximum 0.10% 0.01 0.01

Condensable Material (%)

Water Vapor Recovered (%) 0.03 0.03

Visible Condensate (+) NO NO
Flammability UL 94 Vertical Burn C48/23/50,E24/125 | Meets requirements | Meets requirements

IPC TM-650 2.3.10 of UL94V-0 of UL94V0

Data based on 0.062” dielectric thickness, exclusive of metal cla
properties; they are not to be used as specification limits. The

0fAR350 and AR450 laminates may vary depending on the application.

The information and data contained
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R60

PTFE/Woven Fiberglass/Geramic Filled Laminates:
Microwave Printed Circuit Board Substrates

ARG600° is a woven fiberglass, reinforced ceramic filled PTFE based composite material for use as a printed
circuit board substrate.

The higher dielectric constant of AR600 permits moderate circuit miniaturization, especially for lower
frequency microwave and power amplifier applications which use low impedance lines.

ARG600 is a “soft substrate” and is not sensitive to vibrational stress. This allows miniaturized circuitry
without requiring the complicated processing or fragile handling associated with a brittle pure ceramic
material.

ARG600 is compatible with the processing used for standard PTFE based printed circuit board substrates.
In addition, the low Z-axis thermal expansion provided by the ceramic loading will improve plated through
hole reliability compared to typical PTFE based laminates.

Availability:

ARG600 laminates are supplied with 1/2, 1 or 2 ounce electrodeposited copper on both sides. Other copper
weights and rolled copper foil are available. ARG600 is available bonded to a heavy metal ground plane.
Aluminum, brass or copper plates also provide an integral heat sink and mechanical support to the substrate.

When ordering AR600 products, please specify thickness, cladding, panel size, and any other special
considerations. Available master sheet sizes include 36" x 48" and 36" x 72" (48" x 54" master sheet size
pending).

-
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Tynical Properties: ARG00° PTFE/Woven Fiberglass/Ceramic Filled Laminates

Dielectric Constant @10GH:z IPC TM-650 2.5.5.6 C23/50 6.0
Dissipation Factor @10GHz IPC TM-650 2.5.5.6 C23/50 0.003
Thermal Coefficient of E, IPC TM-650 2.5.5.5 Adapted -10°Cto +140°C =325
(PPM/*C)
Volume Resistivity (MQ-cm) IPC TM-650 2.5.17.1 C96/35/90 15x10"
Surface Resistivity (MQ) IPC TM-650 2.5.17.1 C96/35/90 38x10°
Arc Resistance (seconds) ASTM D-495 D48/50 > 180
Tensile Modulus (kpsi) ASTM D-638 A 23°C 700
Tensile Strength (kpsi) ASTM D-882 A 23°C 500
Compressive Modulus (kpsi) ASTM D-695 A 23°C 225
Flexural Modulus (kpsi) ASTM D-790 A 23°C 375
Dielectric Breakdown (kv) ASTM D-149 D48/50 > 45
Specific Gravity (g/cm3) ASTM D-792 Method A A 23°C 2.45
Water Absorption (%) MIL-S-13949H 3.7.7 E1/105 + D24/23 0.08
IPC TM-650 2.6.2.2

Coefficient of Thermal IPC TM-650 2.4.24 0°Cto 100°C
Expansion (ppm/*C) Mettler 3000

X Axis Thermomechanical Analyzer 12

Y Axis 14

Z Axis 62
Thermal Conductivity (W/mK) ASTM E-1225 100°C 0.431
Outgassing NASA SP-R-0022A

Total Mass Loss (%) Maximum 1.00% 125°C, < 10"6 torr 0.02

Collected Volatile Maximum 0.10% 0.00

Condensable Material (%)

Water Vapor Recovered (%) 0.00

Visible Condensate (+) NO

Flammability

UL 94 Vertical Burn
IPC TM-650 2.3.10

-CA48/23/50,E24/125

Meets requirements
of UL94V-0

Data based on 0.062” dielectric thickne
properties; they are not to be used as
of AR600 laminates may vary dependi

The information and data contained herein are believed reliable, but all recommendations or suggestions are made without guarantee. You should thoroughly and

independently test materials for any planned applications and determine satisfactory performance before commercialization. Furthermore, no suggestion for use, or material

supplied shall be construed as a recommendation or inducement to violate any law or infringe any patent.
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AR TO000

PTFE/Woven Fiberglass/Ceramic Filled Laminates:
Microwave Printed Circuit Board Substrates

AR1000® is a woven fiberglass, reinforced ceramic filled PTEE based composite material for use as a
printed circuit board substrate when a high Dk (10.0) is necessary for circuit optimization.

The higher dielectric constant of AR1000 permits moderate circuit miniaturization, especially for lower
frequency microwave and power amplifier applications which use low impedance lines.

AR1000 is a “soft substrate” and is not sensitive to vibrational stress. This allows miniaturized circuitry
without requiring the complicated processing or fragile handling associated with a brittle pure ceramic
material.

AR1000 is compatible with the processing used for standard PTFE based printed circuit board substrates.
In addition, the low Z-axis thermal expansion provided by the ceramic loading will improve plated through
hole reliability compared to typical PTFE based laminates.

Availahility:
ARI1000 laminates are supplied with 1/2, 1 or 2 ounce electrodeposited copper on both sides. Other copper

weights and rolled copper foil are available. AR1000 is available bonded to a heavy metal ground plane.
Aluminum, brass or copper plates also provide an integral heat sink and mechanical support to the substrate.

When ordering AR1000 products, please specify thickness, cladding, panel size and any other special
considerations. Available master sheet sizes include 36" x 48" and 36" x 72" (48" x 54" master sheet size
pending).
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Tynical Properties: AR1000° PTFE/Woven Fiberglass/Ceramic Filled Laminates

Dielectric Constant @10GHz IPC TM-660 2.5.5.6 C23/50 10.0 (varies by fhlckness)
Dissipation Factor @10GH: IPC TM-650 2.5.5.6 C23/50 0.003
Thermal Coefficient of E, IPC TM-650 2.5.5.5 Adapted -10°Cto +140°C 233
(Ppm/°C)
Volume Resistivity (MQ-cm) IPC TM-650 2.5.17.1 C96/35/90 14x10°
Surface Resistivity (MQ) IPC TM-650 2.5.17.1 C96/35/90 1.8x10°
Arc Resistance (seconds) ASTM D-495 D48/50 > 180
Tensile Modulus (kpsi) ASTM D-638 A23°C 830
Tensile Strength (kpsi) ASTM D-882 A 23°C 680
Compressive Modulus (kpsi) ASTM D-695 A 23°C 450
Flexural Modulus (kpsi) ASTM D-790 A 23°C 615
Dielectric Breakdown (kv) ASTM D-149 D48/50 >45
Specific Gravity (g/cm3) ASTM D-792 Method A A 23°C 2.84
Water Absorption (%) MIL-5-13949H 3.7.7 E1/105 + D24/23 0.08
IPC TM-650 2.6.2.2

Coefficient of Thermal IPC TM-650 2.4.24 0°Cto100°C
Expansion (ppm/ C) Mettler 3000

X Axis Thermomechanical Analyzer 14

Y Axis 16

Z Axis 36
Thermal Conductivity (W/mK) ASTM E-1225 100°C 0.645
Outgassing NASA SP-R-0022A

Total Mass Loss (%) Maximum 1.00% 125°C, < 106 forr 0.02

Collected Volatile Maximum 0.10% 0.00

Condensable Material (%)

Water Vapor Recovered (%) 0.00

Visible Condensate (+) NO
Flammability UL 94 Vertical Burn C48/23/50, E24/125 Meets requirements

IPC TM-650 2.3.10 of UL94V-0

Data based on 0.062" diielectric thickness, exclusive of metal cladding

except where indicated by test metfiod. Results listed above are typical

Pproperties; they are not to be used as specification limits. The above information creates no expressed or implied warranties. The properties
of AR1000 larninates may vary depending on the application.

The information and data contained herein are believed reliable, but all recommendations or suggestions are made without guarantee. You should thoroughly and

independentjy test materials for any planned

supplied shall be construed as a recommendation or inducement to violate any law or infringe any patent.

ipplications and determine satisfactory performance before commercialization. Furthermore, no suggestion for use, or material
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DiClad

PTFE/Woven Fiberglass Laminates:
- Microwave Printed Circuit Board Subsirates

DiClad® laminates are woven fiberglass/PTFE composite materials for use as printed circuit board
substrates. Using precise control of the fiberglass/PTFE ratio, DiClad laminates offer a range of choices
from the lowest dielectric constant and dissipation factor to a more highly reinforced laminate with better
dimensional stability. -

The- woven fiberglass reinforcement in-DiClad- products provides greater dimensional stability than
-monwoven fiberglass reinforced PTFE based laminates of similar dielectric'constants. The consistency and
control of the PTFE coated fiberglass cloth allows Arlon to offer a greater variety of dielectric constants
and produces a laminate with better dielectric constant uniformity than comparable nonwoven fiberglass
reinforced laminates. The coated fiberglass plies in DiClad materials are aligned in the same direction.
Crossplied versions of many of these materials are available as Arlon CuClad materials.

DiClad laminates are frequently used in filter, coupler and low noise amplifier applications, where dielectric
constant uniformity is critical. They are also used in power dividers and combiners where low loss is
important.

DiClad 522 and DiClad 527 (e 1=2.40-2.65) use a higher fiberglass/PTFE ratio to provide mechanical
properties approaching conventional substrates. Other advantages include better dimensional stability and
lower thermal expansion in all directions.

DiClad 870 (¢ =2.33) uses a medium fiberglass/PTFE ratio for lower dielectric constant and improved
dissipation factor without sacrificing mechanical properties.

DiClad 880 (e =2.17, 2.20) uses a low fiberglass/PTFE ratio to provide the lowest dielectric constant and
dissipation factor available in fiberglass reinforced PTFE based laminates. Together, these properties offer
faster signal propagation and higher signal to noise ratios.

Availability:
DiClad laminates are supplied with 1/2, 1 or 2 ounce electrodeposited copper on both sides. Other copper

weights and rolled copper foil are available. DiClad is available bonded to a heavy metal ground plane.
Aluminum, brass or copper plates also provide an integral heat sink and mechanical support to the substrate.

When ordering DiClad products please specify dielectric constant, thickness, cladding, panel size and any
other special considerations. Available master sheet sizes include 36" x 48", 36" x 72" and 48" x 54".
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Tynical Properties: DiClad” PTFE/Moven Fiierglass Laminates

: o g 70 TSRO/ S22
Dielectric Constant @10GHz IPCTM-650 2.5.5.5 C23/50 2.17,2.20 2.33 2.40to 2,
Dielectric Constant @ MHz IPC TM-650 2.5.5.3 C23/50 2.17,2.20 2.33 24010 2.65
Dissipation Factor @10GH:z IPC TM-650 2.5.5.5 C23/50 0.0009 0.0013 0.0022
Dissipation Factor @1MHz IPC TM-650 2.5.5.3 C23/50 0.0008 0.0009 0.0010
Thermal Coefficient of E; IPC TM-650 2.5.5.5 Adapted | -10°C to +140°C -160 -161 -153
(PPM/*C)

Volume Resistivity (MQ-cm) IPC TM-650 2.5.17.1 C96/35/90 14x10 1.5x 107 1.2x 109
Surface Resistivity (MQ) IPCTM-650 2.5.17.1 C96/35/90 29x106 3.4x107 4.5x 107
Arc Resistance (seconds) ASTM D-495 D48/50 > 180 > 180 > 180
Tensile Modulus (kpsi) ASTM D-638 A 23°C 267 485 706
Tensile Strength (kpsi) ASTM D-882 A 23°C 202 346 517
Compressive Modulus (kpsi) ASTM D-695 A 23°C 237 327 359
Flexural Modulus (kpsi) ASTM D-790 A 23°C 357 437 537
Dielectric Breakdown (kv) ASTM D-149 D48/50 >45 >45 >45
Specific Gravity (g/cm3) ASTM D-792 Method A A 23°C 2.23 1226 231
Water Absorption (%) MIL-S-13949H 3.7.7 | E1/105 + D24/23 0.02 0.02 0.03

IPC TM-650 2.6.2.2
Coefficient of Thermal IPC TM-650 2.4.24 0°Cto100°C
Expansion (ppm/*C) Metfler 3000

X Axis Thermomechanical Analyzer 25 17 14

Y Axis 34 29 21

Z Axis 252 217 182
Thermal Conductivity (W/mK) ASTM E-1225 100°C 0.261 0.257 0.254
Outgassing NASA SP-R-0022A

Total Mass Loss (%) Maximum 1.00% 125°C,< 10 ¢torr | 0.01 0.02 0.02

Collected Volatile Maximum 0.10% 0.00 0.00 0.00

Condensable Material (%)

Water Vapor Recovered (%) 0.00 0.00 0.00

Visible Condensate () NO NO NO
Flammability UL File E 80166 UL 94 Vertical Burn C48/23/50, E24/125 | UL94V0 UL94V-0 UL94V-0

IPC TM-650 2.3.10

Data based on 0.062" dielectric thickness, exclusive of metal cladding except where indicated by test method. Results listed above are typical
properties; they are not to be used as specification limits. The above information creates no expressed or implied warranties. The properties
of DiClad laminates may vary depending on the application.

The information and data contained herein are believed reliable, but all recommendations or suggestions are made without guarantee. You should thoroughly and
independently test materials for any planned applications and determine satisfactory pe/fa(mance before commercialization. Furthermore, no suggestion for use, or material
supplied shall be construed as a recommendation or inducement to violate any law or infringe any patent.
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Tynical Properties: IsoGlad” PTFE/MNonwoven Fiberglass Laminates

Dielectric Constant @10GH:z IPC TM-650 2.5.5.5 C23/50 217,220 2'* 233 933
Dissipation Factor @10GHz IPC TM-650 2.5.5.5 C23/50 0.0009 0.0013
Thermal Coefficient of E; IPCTM-650 2.5.5.5 Adapted | -10°Cto +140°C -157 -132
(pPm/*C)
Volume Resistivity (MQ-cm) IPC TM-650 2.5.17.1 C96/35/90 2.4x 10" 39x 10"
Surface Resistivity (MQ) IPC TM-650 2.5.17.1 C96/35/90 3.2x 107 L1x10"
Arc Resistance (seconds) ASTM D-495 D48/50 > 180 > 180
Tensile Modulus (kpsl) ASTM D-638 A 23°C 133 173
Tensile Strength (kpsi) ASTM D-882 A 23°C 120 147
Compressive Modulus (kpsi) ASTM D-695 A 23°C 182 197
Flexural Modulus (kpsi) ASTM D-790 A23°C 213 239
Dielectric Breakdown (kv) ASTM D-149 D48/50 >45 > 45
Specific Gravity (g/cm?) ASTM D-792 Method A | A23°C 223 227
Water Absorpfion (%) MIL-5-13949H 3.7.7 E1/105 + D24/23 0.04 0.05
IPC TM-650 2.6.2.2

Coefficient of Thermal IPC TM-650 2.4.24 0°Cto 100°C
Expansion (ppm/*C) Mettler 3000

X Axis Thermomechanical Analyzer 46 31

Y Axis 47 35

Z Axis 3N 203
Thermal Conductivity (W/mK) ASTM E-1225 100°C 0.263 0.263
Outgassing NASA SP-R-0022A

Total Mass Loss (%) Maximum 1.00% 125°C, <1076 torr 0.02 0.03

Collected Volatile Maximum 0.10% 0.00 0.00

Condensable Material (%)

Water Vapor Recovered (%) 0.02 0.02

Visible Condensate (+) NO NO
Flammability UL 94 Vertical Burn C48/23/50,E24/125 | Meets requirements | Meets requirements

IPC TM-6502.3.10 of UL94V-0 of UL94V-0

Data based on 0.062” dielectric thickness, exclusive of metal cladding except where indicated by test metfod. Resulfs listed above are typical
Pproperties; they are not to be used as specification limits. The above information creates no expressed or implied warranties. The properties
of IsoClad laminates may vary depending on the application.

The information and data contained herein are believed reliable, but all recommendations or suggestions are made without guarantee. You s{?ou/d thoroughly aqd
independently test materials for any planned applications and determine satisfactory performance before commercialization. Furthermore, no suggestion for use, or material
supplied shall be construed as a recommendation or inducement to violate any law or infringe any patent.
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AR3S20

PTFE/Woven Fiberglass Laminates:
Microwave Printed Circuit Board Substrates

AR320° is a woven fiberglass, reinforced PTFE based composite material for use as a printed circuit board
substrate. It is available in thicknesses of 0.024" and greater.

The higher weight ratio of fiberglass to PTFE yields a laminate with greater dimensional stability than is
normally expected with PTFE-based substrates. Additionally, the use of heavier grades of fiberglass and the
displacement of a significant portion of PTFE reduces the overall cost of the laminate. This affords “PTFE
performance” at a more economical cost.

The moderately higher dielectric constant of AR320 also allows a marginal reduction in circuit size for a
typical microwave circuit. The low loss makes AR320 ideal for digital signal processing applications.

AR320 is also consistent with the processing used for standard PTFE based printed circuit board substrates.
Because there is a relatively higher amount of fiberglass, thermal expansion is reduced in all directions.
This improves plated through hole reliability.

Availability:
AR320 laminates are supplied with 1/2, 1 or 2 ounce electrodeposited copper on both sides. Other copper

weights and rolled copper foil are available. AR320 is available bonded to a heavy metal ground plane.
Aluminum, brass or copper plates also provide an integral heat sink and mechanical support to the substrate.

When ordering AR320 products, please specify thickness, cladding, panel size and any other special
considerations. Available master sheet sizes include 36" x 48", 36" x 72" and 48" x 54"
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Tynical Properties: AR320° PTFE/oven Fiberglass Laminates

Dielectric Constant @10GH;z IPC TM-650 2.5.5.5 C23/50
Dissipation Factor @10GHz IPC TM-650 2.5.5.5 C23/50 0.003
Thermql Coefficient o E, IPC TM-650 2.5.5.5 Adapted -10°Cto +140°C -100
(PPm/*C)
Volume Resistivity (MQ-cm) IPC TM-650 2.5.17.1 C96/35/90 12x10°
Surface Resistivity (MQ) IPC TM-650 2.5.17.1 C96/35/90 45x107
Arc Resistance (seconds) ASTM D-495 D48/50 > 180
Tensile Modulus (kpsi) ASTM D-638 A 23°C 706
Tensile Strength (kpsi) ASTM D-882 A 23°C 517
Compressive Modulus (kpsi) ASTM D~695 A 23°C 372
Flexural Modulus (kpsi) ASTM D-790 A 23°C 545
Dielectric Breakdown (kv) ASTM D-149 D48/50 >45
Specific Gravity (g/cm?3) ASTM D-792 Method A A 23°C 2.45
Water Absorption (%) MIL-S-13949H 3.7.7 E1/105 + D24/23 0.08
IPC TM-650 2.6.2.2

Coefficient of Thermal IPC TM-650 2.4.24 0°Cto100°C
Expansion (ppm/“C) Mettler 3000

X Axis Thermomechanical Analyzer 9

Y Axis 12

Z Axis 71
Thermal Conductivity (W/mK) ASTM E-1225 100°C 0.230
Outgassing NASA SP-R-0022A

Total Mass Loss (%) Maximum 1.00% 125°C, <1076 torr 0.02

Collected Volatile Maximum 0.10% 0.00

Condensable Material (%)

Water Vapor Recovered (%) 0.01

Visible Condensate (+) NO
Flammability (UL File E 80166) UL 94 Vertical Burn C48/23/50, E24/125 UL94V0

IPC TM-650 2.3.10

Data based on 0.062” dielectric thickness, exclusive of metal cladding except where indicated by test method, Results listed above are Yypical
Properties; they are not to be used as specification limits. The above information creates no expressed or implied warranties, The properties
0fAR320 laminates may vary depending on the application.

The information and data contained herein are believed reliable, but alf recommendations or suggestions are made without guarantee. You should thoroughly and
independently test materials for any planned applications and determine salisfactory performance before commercialization. Furthermore, no suggestion for use, or material
supplied shall be construed as a recomimenaation or inducement to violate any law or infringe any patent.
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IsoClad’

PTFE/Nonwoven Fiberglass Laminates:
Microwave Printed Circuit Board Substrates

IsoClad® laminates are nonwoven fiberglass/PTFE composites for use as printed circuit board substrates.
The nonwoven reinforcement allows these laminates to be used more easily in applications where the final
circuit will be bent to shape. Conformal or “wrap-around” antennas are a good example.

IsoClad products use longer random fibers and a proprietary process to provide greater dimensional
stability and better dielectric constant uniformity than competitive nonwoven fiberglass/PTFE laminates of
similar dielectric constants.

IsoClad 817 (e 1=2.17, 2.20) uses a low ratio of fiberglass/PTFE to achieve the lowest dielectric constant
and dissipation factor available in a combination of PTEE and fiberglass.

IsaClad 933 (¢ r=2.33) uses a higher fiberglass/PTFE ratio for a more highly reinforced combination which
offers better dimensional stability and increased mechanical strength.

Availability:

IsoClad laminates are supplied with 1/2, 1 or 2 ounce electrodeposited copper on both sides. Other copper
weights and rolled copper foil are available. IsoClad is available bonded to a heavy metal ground plane.
Aluminum, brass or copper plates also provide an integral heat sink and mechanical support to the substrate.

When ordering IsoClad products, please specify dielectric constant, thickness, cladding, panel size and any
other special considerations. Available master sheet sizes include 36" x 48" and 36" x 72".




CulClad’

PTFE/Woven Fiberglass Laminates:
Microwave Printed Circuit Board Substrates

CuClad® laminates are woven fiberglass/PTFE composite materials for use as printed circuit board
substrates. Using precision control of the fiberglass/PTFE ratio, CuClad laminates offer a range of choices
from the lowest dielectric constant and loss tangent to a more highly reinforced laminate with better
dimensional stability.

The woven fiberglass reinforcement in CuClad products provides greater dimensional stability than non-
woven fiberglass reinforced PTFE based laminates of similar dielectric constants. The consistency and
control of the PTFE coated fiberglass cloth allows Arlon to offer a greater variety of dielectric constants
and produces a laminate with better dielectric constant uniformity than comparable non-woven fiberglass
reinforced laminates. These properties make CuClad an attractive choice for filters, couplers and low noise
amplifiers.

CuClad laminates are crossplied (alternating layers of coated fiberglass plies are oriented 90° to each other).
This provides true electrical and mechanical isotropy in the XY plane, a feature unique to CuClad. No other
woven or nonwoven fiberglass reinforced PTFE based laminates make this claim. Designers have found
this degree of isotropy critical in some phased array antenna applications.

CuClad 217 (e =2.17, 2.20) uses a low fiberglass/PTFE ratio to provide the lowest dielectric constant and
dissipation factor available in fiberglass reinforced PTFE based laminates. Together, these properties offer
faster signal propagation and higher signal/noise ratios.

CuClad 233 (¢ =2.33) uses a medium fiberglass/PTFE ratio to balance lower dielectric constant and
improved dissipation factor without sacrificing mechanical properties.

CuClad 250 (c,=2.40-2.60) uses a higher fiberglass/PTFE ratio to provide mechanical properties
approaching those of conventional substrates. Better dimensional stability and lower thermal expansion in
all directions are other significant benefits.

For critical performance applications, CuClad products may be specified with an “LX” testing grade; this
designates that each sheet will be tested individually, and a test report will be issued with the order

Availability: _
CuClad laminates are supplied with 1/2, 1 or 2 ounce electrodeposited copper on both sides. Other copper

weights and rolled copper foil are available. CuClad is available bonded to a heavy metal ground plane.
Aluminum, brass or copper plates also provide an integral heat sink and mechanical support to the substrate.

When ordering CuClad products please specify dielectric constant, thickness, cladding, panel size and any
other special considerations. Available master sheet sizes include 36" x 36" in a crossplied configuration
and 36" x 48" in a parallel plied configuration.
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Tynical Properties: GuClad® PTFE/Woven Fiberglass Laminates

/ 833 - 200
Dielectric Constant @10GH:z IPC TM-650 2.5.5.5 C23/50 2.17,2.20 2.33 24010 2.60
Dielectric Constant @ MHz IPC TM-650 2.5.5.3 C23/50 2.17,2.20 2.33 2.40to 2.60
Dissipation Factor @10GHz IPCTM-650 2.5.5.5 C23/50 0.0009 0.0012 0.0022
Dissipation Factor @ MHz IPC TM-650 2.5.5.3 C23/50 0.0008 0.0009 0.0010
Thermal Coefficient of E; IPC TM-650 2.5.5.5 Adapted | -10°Cto +140°C | -151 -171 -170
(PPm/*C)
Volume Resistivity (MQ-cm) IPC TM-650 2.5.17.1 C96/35/90 23x108 8.0x 108 1.8x 109
Surface Resistivity (MQ) IPC TM-650 2.5.17.1 C96/35/90 3.4x 10 24x10¢ 1.5x 108
Arc Resistance (seconds) ASTM D-495 D48/50 > 180 > 180 > 180
Tensile Modulus (kpsi) ASTM D-638 A,23°C 275 510 725
Tensiie Strength (kpsi) ASTM D-882 A 23°C 219 414 572
Compressive Modulus (kpsi) ASTM D-695 A 23°C 237 276 342
Flexural Modulus (kpsi) ASTM D-790 A,23°C 357 371 456
Dielectric Breakdown (kv) ASTM D-149 D48/50 >45 >45 >45
Specific Gravity (g/cmd) ASTM D-792 Method A A23°C 223 226 231
Water Absorption (%) MIL-S-13949H 3.7.7 E1/105 + D24/23 | 0.02 0.02 0.03
IPC TM-650 2.6.2.2

Coefficient of Thermal IPC TM-650 2.4.24 0°Cto100°C
Expansion (ppm/*C) Mettler 3000

X Axis Thermomechanical Analyzer 29 23 18

Y Axis 28 24 19

Z Axis 246 194 177
Thermal Conductivity (W/mK) ASTM E-1225 100°C 0.261 0.258 0.254
Outgassing NASA SP-R-0022A

Total Mass Loss (%) Maximum 1.00% 125°C,<10%¢torr | 0.01 0.01 0.01

Collected Volatile Maximum 0.10% 0.00 0.00 0.00

Condensable Material (%)

Water Vapor Recovered (%) 0.00 0.00 0.00

Visible Condensate (+) NO NO NO
Flammability UL File E 80166 UL 94 Vertical Burn C48/23/50, E24/125| UL94V-0 UL94V-0 UL94v-0

IPC TM-650 2.3.10

Data based on 0.062” dielectric thickness, exclusive of metal cladding except where indicated by test method. Results listed above are typical
properties; they are not to be used as specification limits. The above information creates no expressed or implied warranties. The properties
of CuClad Series laminates may vary depending on the application.

The information and data contained herein are believed reliable, but all recommendations or suggestions are made without guarantee. You s{lau/o’ thoroughly aqd
independently test materials for any planned applications and determine satisfactory performance before commercialization. Furthermore, no suggestion for use, or material
supplied shall be construed as a recommendation or inducement to vioiate any law or infringe any patent.
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