PD1006
Q 0 P\IO 450W, 50V, 1.2 - 1.4 GHz, Gal\?RF IMFET

Product Overview

The QPD1006 is a 450 W (Psds) internally matched discrete
GaN on SiC HEMT which operates from 1.2 to 1.4 GHz and
a 50V supply rail. The device is GaN IMFET fully matched

to 50 Q in an industry standard air cavity package and is

ideally suited for military and civilian radar. The device can
support pulsed and CW operations.

ROHS compliant.

Evaluation boards are available upon request.

Key Features

e Frequency: 1.2to 1.4 GHz

e Output Power (Paas)%: 313 W (CW), 468 W (Pulsed)
e Linear Gain': 17.5 dB (CW), 17.8 dB (Pulsed)

o Typical DEFF3gst: 55% (CW), 62.2% (Pulsed)

Functional Block Diagram * Operating Voltage: 45 V (CW), 50 V (Pulsed)
¢ Low thermal resistance package
( e Pulse capable
T J | r Note 1: @ 1.3 GHz, 25 °C
\_/ N4
} Applications
o

o Military radar
o Civilian radar

/

Part No. Description

:] et JQuput D QPD1006 1.2 —14GHz RF IMFET
Network Network QPD1006EVB4

\ Evaluation Board

N 7\
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Absolute Maximum Ratings?

QPD1006
450W, 50V, 1.2 - 1.4 GHz, GaN RF IMFET

Recommended Operating Conditions?

Parameter

Breakdown Voltage,BVoe
Gate Voltage Range, Ve
Drain Current

Gate Current Range, I

Power Dissipation, 10% DC
1 mS PW, Poiss

RF Input Power, 10% DC
1mSPW,13GHz, T=25°C

Mounting Temperature
(30 Seconds)

Storage Temperature

Notes:

See page 4.

-65 to +150

Units

Y

Y

A
mA

W
dBm

°C
°C

1. Operation of this device outside the parameter ranges

given above may cause permanent damage.

RF Characterization — EVB CW Performance At 1.2 GHZz!

Parameter

Operating Temp. Range
Drain Voltage Range, Vo
Drain Bias Current, Ibo

Drain Current, Ip
Gate Voltage, Va*

Power Dissipation, Pulsed

(Pp)? 3

Power Dissipation, CW (Pp)?
Notes:

Min
-40
+28

Typ
+25

+50

750
14

-2.7

Max Units
+85 °C
+55 Vv

- mA

- A

- Vv
445 | W
299 W

1. Electrical performance is measured under conditions noted
in the electrical specifications table. Specifications are not
guaranteed over all recommended operating conditions.

2. Package base at 85 °C.

3. Pulse Width = 300 uS, Duty Cycle = 30%.

4. To be adjusted to desired Ipo.

Parameter Min Typ Max Units
Linear Gain, Guin 175 - dB
Output Power at 3dB compression point, Pzds 55.4 - dBm
Drain Efficiency at 3dB compression point, DEFFzds 56.2 - %
Gain at 3dB compression point, Gads 14.5 - dB
Notes:
1. Vb=+45V, Ipg=750mA, TaA=25°C
RF Characterization — EVB CW Performance At 1.3 GHz?!
Parameter Min Typ Max Units
Linear Gain, Guin - 17.3 - dB
Output Power at 3dB compression point, Pzds - 54.9 - dBm
Drain Efficiency at 3dB compression point, DEFF3ds - 54.6 - %
Gain at 3dB compression point, Gzds - 14.3 - dB
Notes:
1. Vo=+45V, Ipg= 750 mA, Ta =25°C
RF Characterization — EVB CW Performance At 1.4 GHz!
Parameter Min Typ Max Units
Linear Gain, Guin - 175 - dB
Output Power at 3dB compression point, Pzas - 54.7 - dBm
Drain Efficiency at 3dB compression point, DEFFzqs - 49.4 - %
Gain at 3dB compression point, Gzds - 145 - dB
Notes:
1. Vp=+45V,Ilpg=750mA, Ta =25°C
Datasheet Rev. E, Oct 1, 2020 | Subject to change without notice -20f16 - WWW.gQorvo.com
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RF Characterization — EVB Pulsed Performance At 1.2 GHz!

QPD1006
450W, 50V, 1.2 - 1.4 GHz, GaN RF IMFET

Parameter Min Typ Max Units
Linear Gain, Guin - 17.8 - dB
Output Power at 3dB compression point, Pzds - 57.1 - dBm
Drain Efficiency at 3dB compression point, DEFFzgs - 62.8 - %
Gain at 3dB compression point, Gsds - 14.8 - dB
Notes:
2. Vp=+50V, Ibg= 750 mA, Ta=+25°C, PW =300 uS, DC = 30%
RF Characterization — EVB Pulsed Performance At 1.3 GHz?!
Parameter Min Typ Max Units
Linear Gain, Guin - 17.8 - dB
Output Power at 3dB compression point, Pzds - 56.7 - dBm
Drain Efficiency at 3dB compression point, DEFF3ds - 62.0 - %
Gain at 3dB compression point, Gzds - 14.8 - dB
Notes:
1. Vo=+50V, Ibg=750mA, Ta=+25°C, PW =300 uS, DC = 30%
RF Characterization — EVB Pulsed Performance At 1.4 GHz!
Parameter Min Typ Max Units
Linear Gain, Guin - 17.8 - dB
Output Power at 3dB compression point, Pzds - 57.1 - dBm
Drain Efficiency at 3dB compression point, DEFFzq4s - 59.6 - %
Gain at 3dB compression point, Gzds - 14.8 - dB
Notes:
1. Vp=+50V, Ibg= 750 mA, Ta=+25°C, PW = 300 uS, DC = 30%
RF Characterization — Mismatch Ruggedness at 1.3 GHz?
Symbol Parameter dB Compression Typical
VSWR \ Impedance Mismatch Ruggedness \ 3 10:1
Notes:

1. Test conditions unless otherwise noted: Ta =25 °C, Vb =50V, Ipg = 750 mA, 100 uS PW, 10% DC
2. Driving input power is determined at pulsed compression under matched condition at EVB output connector.
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PD1006
Q 0 p\lo 450W, 50V, 1.2 - 1.4 GHz, Gal\?RF IMFET

Maximum Gate Current

Maximum Gate Current Vs. IR Surface Temperature
470
450
430
410
390 \\
370 N\
350 N\
330
310 \\
290 N

270

250 N\
230

210 \‘\
190

170 \\

150
130 —~

110 ]
90
70

Maximum Gate Current [mA]

110 115 120 125 130 135 140 145 150 155 160 165 170 175 180
IR Surface Temperature [°C]
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PD1006
Q 0 P\IO 450W, 50V, 1.2 - 1.4 GHz, Gal\?RF IMFET

Thermal and Reliability Information — Pulsed

Maximum IR Surface Temperature vs. Pulse Width
Back Base Fixed at 85 °C, Pdiss =331 W
220

210 || =—30%DC =——20% DC /
200

74

180 //

170

150 //

140 /

Maximum IR Surface Temperature (°C)

130
120 w x x \
1.00E-06 1.00E-05 1.00E-04 1.00E-03 1.00E-02
Pulse Width (S)
Parameter Conditions Values Units
Thermal Resistance, IR (Bic) 85 °C back side temperature 0.23 °C/W
Peak IR Surface Temperature! (Tch) | 331 W Pdiss, 200 uS PW, 20% DC 160 °C
Thermal Resistance, IR (B.c) 85 °C back side temperature 0.27 °C/IW
Peak IR Surface Temperature! (Tch) | 331 W Pdiss, 300 uS PW, 30% DC 173 °C

1 Refer to the following document GaN Device Channel Temperature, Thermal Resistance, and Reliability Estimates
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PD1006
Q 0 P\IO 450W, 50V, 1.2 - 1.4 GHz, Gal\?RF IMFET

Thermal and Reliability Information — CW

Maximum IR Surface Temperature vs. Power Dissipation
Back Surface of Package Fixed at 85 °C

275

e
250

v
225 /

200 /

175 -

150 /
e

125
~

Maximum IR Surface Temperature (°C)

100
80 120 160 200 240 280 320 360 400
Power Dissipation (W)

Parameter Conditions Values Units
Thermal Resistance, IR (B.c) 85 °C back side temperature 0.35 °C/W
Peak IR Surface Temperature! (Tcu) |86.4 W Pdiss, CW 116 °C
Thermal Resistance, IR (B.c) 85 °C back side temperature 0.38 °C/W
Peak IR Surface Temperature! (Tch) |177.8 W Pdiss, CW 151 °C
Thermal Resistance, IR (B.c) 85 °C back side temperature 0.41 °C/IW
Peak IR Surface Temperature! (TcH) |259.2 W Pdiss, CW 190 °C
Thermal Resistance, IR (B.c) 85 °C back side temperature 0.43 °C/IW
Peak IR Surface Temperature! (TcH) | 345.6 W Pdiss, CW 235 °C

1 Refer to the following document GaN Device Channel Temperature, Thermal Resistance, and Reliability Estimates
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CW Power Drive-up Performance Over Temperatures Of 1.2 — 1.4 GHz EVB!

QPD1006

450W, 50V, 1.2 - 1.4 GHz, GaN RF IMFET

Notes

1. Vb=45V, Ipqg = 750 mA.

500

450

400

350

P3dB (W)

300

250

P3dB vs. Frequency vs. Temperatures

G3dB vs. Frequency vs. Temperatures

20
——-40°C —-40°C
—-20°C 19 —20°C |
—o0°C 18 —0°c —
—2°C 17 —25°C _|
o 16
Z
— m 15
\ 5
[+
\ O 14
13
12
11
10
1.2 1.25 1.3 1.4 1.25 135 14
Frequency (GHz) Frequency (GHz)
DEFF3dB vs. Frequency vs. Temperatures
80
—-40°C
75 —
—-20°C
70 —0°C |
65 —25°C _|
g 60
m
5 55
o
m
&L 50
[a)
45
40
35
30
1.25 1.3 1.35 1.4

Frequency (GHz)
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CW Power Drive-up Performance At 25 °C Of 1.2 - 1.4 GHz EVB!?

QPD1006

450W, 50V, 1.2 - 1.4 GHz, GaN RF IMFET

Notes

1. Vb=45V, Ipqg = 750 mA.

550

500

450

400

350

300

P3dB (W)

250

200

150

100

50

P3dB and G3dB vs. Frequency at 25 °C
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-=-G3dB

1.2

1.25

1.3
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G3dB (dB)

DEFF3dB (%)
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60
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50

45

40

35

30

DEFF3dB vs. Frequency at 25 °C

12

1.25

1.3
Frequency (GHz)

1.35 1.4
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PD1006
Q 0 P\IO 450W, 50V, 1.2 - 1.4 GHz, Gal\?RF IMFET

Pulsed Power Drive-up Performance Over Temperatures Of 1.2 — 1.4 GHz EVB!?

Notes:
1. Vo=50V, Ipg =750 mA, PW = 300 uS, DC = 30%.

00 P3dB vs. Frequency vs. Temperatures G3dB vs. Frequency vs. Temperatures
20
.40 °C —-40°C
—-20°C =—-20°C
650 —oc — 19 —o°c |
—25°C —25°C
—145 °C 18 —a45°C |
600 65 °C 65 °C
—85°C 17 —85°C —|
550
s o 16
m 500 ~ @ 15
& 450 ——— O 14
__/
13
400
12
350
11
300 10
1.15 1.2 1.25 1.3 1.35 1.4 1.45 1.15 1.2 1.25 1.3 1.35 1.4 1.45
Frequency (GHz) Frequency (GHz)

DEFF3dB vs. Frequency vs. Temperatures

80
—-40°C
75 —-20°C _]
—0°C
—=25°C
70 —45°C |
65 °C
65 —gs e —|
po—
. /—%
g —
o
8 55
2]
& 50
L
[a)
45
40
35
30
1.15 1.2 1.25 13 1.35 14 1.45

Frequency (GHz)
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PD1006
Q 0 p\lo 450W, 50V, 1.2 - 1.4 GHz, Gal\?RF IMFET

Power Drive-up Performance At 25 °C Of 1.2 - 1.4 GHz EVB!?

Notes:
1. Vbp=50V,lbg =750 mA, PW =300 uS, DC = 30%.

P3dB and G3dB vs. Frequency at 25 °C DEFF3dB vs. Frequency at 25 °C
700 I 20 80
650 —P3dB _| 19 75
---G3dB
600 18 70
550 17 65
’—_\

< 500 16 & < 60
= ~— | ) ;Y

m 450 ——————————+—————— ——————————===t=——C 15 ¢ 3 55
R  pooTTTTTTTTTTTTTTTTTTTITTTTTTT O T he] ™
(9] (TR

Q- 400 14 O L 50
w
a

350 13 45

300 12 40

250 11 35

200 10 30

1.15 1.2 1.25 1.3 1.35 1.4 1.45 1.15 1.2 1.25 1.3 1.35 1.4 1.45
Frequency (GHz) Frequency (GHz)
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PD1006
Q 0 P\IO 450W, 50V, 1.2 - 1.4 GHz, Gal\?RF IMFET

Pin Configuration and Description, and Package Marking?

(| kf

N -

(O acrvo
APDLOOS
1YY WW e
M XXX
LLL

RIS

Load-pull Reference Planes

A

Notes:
1. The QPD1006 will be marked with the “1006” designator and a lot code marked below the part designator. The “YY”
represents the last two digits of the calendar year the part was manufactured, the “WW” is the work week of the assembly lot
start, the “MXXX” is the production lot number. “ZZZ” is the unique serial number.

Pin Description

Pin Symbol Description
1 Ve /RF IN Gate voltage / RF Input
2 Vo /RF OUT Drain voltage / RF Output
3 GND Package base / Ground
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PD1006
Q 0 p\lo 450W, 50V, 1.2 - 1.4 GHz, Gal\?RF IMFET

Package Dimensions® 23

— T AxEse —w| b= 0.890.13
1 | [ | on
AT AV
fC —T
' ' 4.830+0.500
= =]
== g 8 g | . | \\ 1 i
o 2 o 9 | |
(3]
o © 2 8 1.600£0.050
™~ o
l T 1 1
J /L l{ L 4X R1.475 =
-
A + | - i _|_ |
i 2o L J - HH
|—-— 12.190
. 17.680+0.200 — =
- 18.190 BASE —e == 4.490:0.350
24000200 —, 0.150+0.050
IHII LI ] IH
it i il 1
I
Notes:

1. Unless otherwise noted, the tolerance is +0.15 mm.

2. Forinstruction to mount the part, please refer to application note “RF565 Package Mounting, Mechanical Mounting and PCB
Considerations.”

3. Material:
Package Base: Metal
Package Lid: Ceramic

Package exposed metallization is gold plated.

Part is epoxy sealed.

. Body dimensions do not include lid shift or epoxy run out which can be up to 0.5 mm per side.

CRUNS
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Schematic —1.2-1.4 GHz EVB

QPD1006

450W, 50V, 1.2 - 1.4 GHz, GaN RF IMFET

Yol
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GHD —d
[
Sy =
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CHNTF {iMD
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& - GHD
ﬁﬂ QP 00 "
R !
iF TH 1 i |
EFMH L ._Ji - o BFOUT
[l [
I ,_;L Il
1 cE
Bias-up Procedure Bias-down Procedure
1. SetVsto-4V. 1. Turn off RF signal.
2. Set Ip current limit to 800 mA. 2. Turn off Vp
3. Apply 50V Vp. 3. Wait 2 seconds to allow drain capacitor to discharge
4. Slowly adjust Ve until Ip is set to 750 mA. 4. Turn off Vg
5. Setlp current limitto 7 A
6. Apply RF.
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1.2-1.4GHzEVB 12

QPD1006

450W, 50V, 1.2 - 1.4 GHz, GaN RF IMFET

Notes:

1. PCB Material: RO4350B, 20 mil thickness, 1 0z copper cladding

2. For good pulsed operation, an additional 3300 uF, 100 V electrolytic capacitor is required on the drain supply line.

Bill Of material = 1.2 — 1.4 GHz Pulsed or CW EVB

Ref Des Value Qty Manufacturer Part Number

C1, C2,C6, C7 33 pF 4 ATC 600F330JT250XT
C4, C9 0.1 uF 2 TDK C3216X7R2A104K160AA
C3,C8 240 pF 2 AVX UQCFVA241JAT2A\500
C11, C12, C13 220 uF 3 United Chemicon EMVY500ADA221MJAQ3
C5, C10 10 uF 2 TDK C5750X7S2A106M230KB

R1 100 Ohm 1 Kamaya, Inc RMC1/10-101JTP

R2 10 Ohm 1 Vishay CRCWO080510R0JNTA
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QPD1006

450W, 50V, 1.2 - 1.4 GHz, GaN RF IMFET

Recommended Solder Temperature Profile

300
Teen=260C +0-5C Laitin 5C of peakterp= 908 MaX
250 - 3 C/s max ramp
T 2217C

200 J__Tpreheat,,=200C t
G above liquidus™
s | 60s-150s
=)
2
B 150 oo Tpreheat,;,=150C
2 eree=605-1205
g Ll
=

100

3 C/s max ramp 6 C/s max ramp
50 -
1250 10 peak emp=8 MINUtES Max
<4 >
0 : ! | | .
0 60 120 180 240 300
Time (s)
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