APN292

27 — 30 GHz
GaN Power Amplifier

PRODUCT DESCRIPTION

The APN292 monolithic GaN HEMT amplifier is a
broadband, two-stage power device, designed for
use in Ka-Band communication applications such as
SatCom Terminals and point-to-point and point-to-
multipoint digital radios. To ensure rugged and reliable
operation, HEMT devices are fully passivated. Both
bond pad and backside metallization are Au-based
that is compatible with epoxy and eutectic die attach
methods.

APPLICATIONS
- Point-to-Point Digital Radios
Point-to-Multipoint Digital Radios

« SatCom Terminals

PRODUCT FEATURES
« RFFrequency:27to 30 GHz
Linear Gain: 20 dB typ.

- Psat: ~16 W on wafer, pulsed

«  Psat: ~16 W in fixture, CW

- Die Size:13.52 sg. mm. X=3.30 mm; y=4.10 mm

«  0.2um GaN HEMT Process EXPORT INFORMATION
« 4 mil SiC substrate ECCN: 5A991.9
« DCPower:28VDC @ 2.64 A HTS (Schedule B) code: 8542.33.0001
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APN292
27 — 30 GHz

GaN Power Amplifier
ABSOLUTE MAXIMUM RATINGS

RECOMMENDED OPERATING CONDITIONS

Parameter Value Unit Parameter Value Unit

Drain Voltage 28 \% Drain Voltfage Range 20-26 \
Gate Voltage Range -810 0 \ Gate Volfage Range -510-3 \%
Drain Current 4440 MA Stg 1 Drain Current (Idq) 500 mA
Garte Current 4.32 MA Stg 2 Drain Current (Idg) 500 — 2100 MA
Power Dissipation* 92.4 W

Soldering Temperatfure 320 oC
*7W/mm of gate periphery

ELECTRICAL SPECIFICATIONS

Parameter Min Typical Max Unit
Operafional frequency | 27 | | 30 | Gz __
Small Signal at 28V
Small Signal Linear Gain 19 20 21 dB
Input Return Loss -23.5 -3 dB
Qutput Return Loss -15 -2 dB
On-Wafer Pulsed Power at 28V
Psat (af 34 dBm) 45 46 465 dBm
Power Gain (af 34 dBm) 1 12 13 dB
P1db 414 418 421 dBm
PAE (at 34 dBm) 21 23 26 %
Max PAE 26 28 32 %
Fixtured CW at 24V, 25°C Case Temp

Psaf (at 29 dBm) 42.7 43.3 43.7 dBm
Power Gain (af 29 dBm) 13.7 14.3 14.8 dB
PAE (at 29 dBm) 20 22 25 %
Max PAE 21 22 26 %
Drain Volfage 24 \%
Stage 1 Gate Voltage -4.027 \Y
Stage 2 Gate Voltage -3.96 \Y
Stage 11dg 520 mA
Stage 2 1dq 2100 mA
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APN292
27 — 30 GHz
GaN Power Amplifier

Pulsed On wafer measured Performance Characteristics (Typical Performance at 25°C)
Vd=28.0V,Idl +Idla=520mA, Id2 + Id2a =2100 mA

Small Signal Gain vs. Frequency Large Signal PAE, Gain, PSAT vs. Frequency
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APN292

27 — 30 GHz
GaN Power Amplifier

Fixture measured Performance Characteristics (Typical Performance at 25°C)
Vd=20.0V,Idl + Idla=520mA, 1d2 + |[d2a =2100 mA

POUT and Gain vs. PIN
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APN292
27 — 30 GHz
GaN Power Amplifier

Fixture measured Performance Characteristics (Typical Performance at 25°C)
Vd=24.0V,Idl + Idla=520mA, 1d2 + |[d2a =2100 mA

POUT and Gain vs. PIN PAE, Gain, POUT vs. Frequency
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APN292
27 — 30 GHz
GaN Power Amplifier

Fixture measured Performance Characteristics (Typical Performance at 25°C)
Vd=26.0V,Idl + Idla=520mA, 1d2 + |[d2a =2100 mA

POUT and Gain vs. PIN PAE, Gain, POUT vs. Frequency

===26GHz  e===27GHz 28GHz GAIN @1dB — — PAE @1dB POUT @1dB
=29 GHz 30GHz 31GHz - GAIN 3d8 ——— PAF @3dB POUT @3dB
50 24 g 50
45 2 g 45
4 / 2 a0
—_ 20 O
r_*ij 35 - - - = = L E _~ 35
o] pEEEEEED ---h.'\ 183 O\‘o
— 30 D = 30
= - es o e == - . - Q2 = Ll
5 0y 6% || <
D2 _ W\ %) a 25
o / \ 14 a: R — —<
15 12 Z 15
Vd_s=26V < Vd_s=26V
10 10 O 10
0 5 10 15 20 25 30 35 25 26 27 28 29 30 31
PIN (dBm) FREQUENCY (GHz)
PAE vs. PIN ID1, ID2 vs. PIN
——26GHz  ——27GHz 28GHz ——26GHz 27GHz  ——28GHz
——29GHz 30 GHz 31GHz ——79GHz 30GHz  =———31GHz
30 35
’
’I
Fa
25 e 3 ,"III/'
Vs
25 #%¢
20 =< A
;:é "r:' 2 a----aaaaaaagggs_—_‘;sfff:: _______
o 15 S
& o 1
10 T
1
> 05 ——
Vd_s=26V vd s=26V
o ! 0 =
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
PIN (dBm) PIN (dBm)
Page 6

www.ngc.com
www.ngc.com/what-we-do/microelectronics-space-park/
Phone: (310) 814-5000 - Fax:(310) 812-7011 « E-mail: as-mps.sales@ngc.com

Approved for Public Release: NG23-103 N o RT H Ro P
GRUMMAN


mailto:as-mps.sales@ngc.com

APN292
27 — 30 GHz
GaN Power Amplifier

Preliminary Thermal Properties with die mounted with 25um 80/20 AuSn Eutectic to: 10mil CulOW

Shim
Average Hottest
. . - Thermal
Mounting Backside Junction Power .
Material Die Temperature RF Output Dissipation (W) R;Z'S(I,%?\fv?
Temperature Tjc |
114 40.6 51.4 2.2
[e]
30°¢ 185 43.0 64.7 2.4
138 37.1 40.9 2.2
50 °C 174 40.6 51.4 2.4
10 mil AuSn 217 43.0 64.7 2.6
Cuw Eutectic 165 371 40.9 2.3
70 °C 203 40.6 514 2.6
250 43.0 64.7 2.8
192 37.1 40.9 2.5
o
v0°C 232 40.6 51.4 2.8
134 37.1 40.9 2.6
30 °C 186 40.6 514 3.0
246 43.0 64.7 3.3
10 mil . 165 371 40.9 2.8
cuw | AJEPOXY 50°C 219 40.6 51.4 3.3
196 371 40.9 3.1
[e]
70°¢ 252 40.6 51.4 3.6
90 °C 225 37.1 40.9 3.3
——30C —e—50C —e—70C —@-90C ——30C -e-50C -9-70C @ 90C
3 4.5
AuSn
. » Ag Epoxy
E 2.6 :‘%: 3.7
S S o
924 £33 2
o oc
@
22 2.9 /
2 25

35 40 45 50 55 60 65 70
DIE Power Dissipation (W)

*Vd=24.0V,Idgl =520 mA, Id2g = 2100 mA
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APN292

27 — 30 GHz
GaN Power Amplifier

DIE SIZE AND BOND PAD LOCATIONS (NOT TO SCALE) o
X =3300 pm + 25 ym DTN
— 303 um—» [-—

Y =4100% 25 uym 103ﬁm+ F
DC Bond Pad =100 x100 + 0.5 pm 00 D0O00000C
RF Bond Pad = 134 x 208 + 0.5 pm b 28582838 5
Chip Thickness =101+ 5 um

U enD GND U

4100 pm [] RAN RFOUT] |

0 GND GND
BIASING/DE-BIASING DETAILS:
Bias for 1t stage is from top.

2050 pm 2050 pm
The 2nd stages must bias up from both sides.
Listed below are some guidelines for GaN device s28282e §
) ) _ ! dofoooo——|

testing and wire bonding: 1152 um—>
a. Limited positive gate bias (G-S or G-D)to < 1V DI
b. Know your devices’ breakdown voltages 0 um

c. Use apower supply with both voltage and current limit

d. Withthe power supply off and the voltage and current levels at minimum, aftach the ground lead
to your test fixture

a. Apply negative gate voltage (-8 V) to ensure that all divides are off
b. Ramp up drain bias10 ~10 V

c. Gradudlly increase gatfe bias volfage while monitoring drain current until 20% of the
operating current is achieved

d. Ramp up drain to operating bias
e. Gradually increase gate bias voltage while monitoring drain current until the operating
current is achieved
e. To safely de-bias GaN devices, start by de-biasing output amplifier stages first (if applicable):
a. Set gate voltage back to pinch-off (-8 V)
b. Gradually decrease drain biasto 0V
c. Gradually decrease gate biasto 0V
d. Turn off supply voltages

f. Repeat de-bias procedure for each amplifier stage
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APN292

27 — 30 GHz
GaN Power Amplifier

RECOMMENDED ASSEMBLY NOTES SUGGESTED BONDING ARRANGEMENT
1. Bypass caps should be 100 pF VD1 VG VD2 D  0.14F, 50V (Shunt) [4]
(approximately) ceramic (4] [4]
I:' = 0.01uF, 50V (Shunt)

(single-layer) placed no farther VGl
than 30 mils from the amplifier. B - 1000, 50V (shunt)

2. Best performance obtained 00 SO0B0000C 0
from use of <10 mil (long) by 3 RF g g §gsgdzgs & RF
o e . Input Output
by 0.5 mil ribbons on input and
output.

3. Part must be biased from both
sides as indicated.

4. The 0.1UF, 50V capacitors are
not needed if the drain supply
line is clean. If Drain Pulsing of
the device isto be used, do

Substrate Substrate

NOT use the 0.IUF, 50V §edgfes &
Capacitors. popopoog—J . = 0.1uF, 15V (Shunt)
D =0.01uF, 15V (Shunt)
VG1A . | B - 20 0hms, 30V (Series)
VDIA = B - 100pF, 15v shunt)
4l vea VDA
MOUNTING PROCESSES

Most NGSS GaN IC chips have a gold backing and can be mounted successfully using either a
conductive epoxy or AuSn atfachment. NGSS recommends the use of AuSn for high power devices to
provide a good thermal path and a good RF path to ground. Maximum recommended femp during
die attach is 3200C for 30 seconds.

Note: Many of the NGSS parts do incorporate airbridges, so caution should be used when
defermining the pickup tool.

CAUTION: THE IMPROPER USE OF AuSn ATTACHMENT CAN CATASTROPHICALLY DAMAGE GaN CHIPS.

PLEASE ALSO REFER TO OUR “GaN Chip Handling Application Note” BEFORE HANDLING,
ASSEMBLING OR BIASING THESE MMICS!
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