Qorvo

Product Overview

The QPD1425is a 375 W (Psqs) discrete GaN on SiC HEMT
which operates from DC to 2 GHz. The device’s power and
efficiency can be optimized at high drain bias operating
conditions. The optimization can potentially lower system
costs in terms of fewer amplifier line-ups and lower thermal
management costs.

Lead-free and ROHS compliant

Evaluation boards are available upon request.

Functional Block Diagram

QPD1425

375W, 65V, DC -2 GHz, GaN RF Power Transistor

QONVo
QPD1425
, ®

NI-400 Package

Key Features

e Frequency Range: DC to 2 GHz
e Linear Gain': 20.6 dB

o Output Power (P3qp)*: 56.3 dBm
¢ Drain Efficiency (Psgs)*: 75.1%

e Operating Voltage: 65 V

e CW and Pulsed Capable

Note 1: Typical EVB Performance at 1.3 GHz

Applications

L-Band Radar

Military and Civilian Radar

Professional and Military Radio Communications
Test Instrumentation

Wideband or Narrowband Amplifiers

GPS Communications

Avionics

Ordering Information

.1
Part No. Description
QPD1425 DC - 2.0 GHz Transistor
QPD1425EVB01 12-14GHzEVB
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QPD1425

Q O p\'o 375W, 65V, DC - 2 GHz, GaN RF Power Transistor

Absolute Maximum Ratings® 234

Recommended Operating Conditions® 234

Parameter Rating Units Parameter Min Typ Max Units
Breakdown Voltage, BVbc 225 V Operating Temp. Range -40  +25  +85 °C
Gate Voltage Range, Ve -7to +2 V Drain Voltage Range, Vb - 65 - Vv
Drain Current, lbmax 35.5 A Drain Bias Current, Ipg - 430 - mA
Y . 4 . .
gglswsezr Dissipation, Pulsed, 238 W Drain Current, Ip 19 A
3 — - —
RF Input Power, Pulsed, Pin® 43 dBm Gate Voltage, Ve 2.1 v
Operating Channel R Power Dissipation (Pp) 2# - - 238 W
4 275 C
Temperature P Dissipation (Pp), CW 2 128 W
Storage Temperature -65 to +150 °C ower Dissipation (Po), a -
Notes: Notes:
1. Operation of this device outside the parameter ranges given 1. Electrical performance is measured under conditions noted

above may cause permanent damage
2. Pulsed, 300us PW, 10% DC, Package base at 85 °C

Pulsed, 300us PW, 10% DC, T = 25 °C, 50 ohms load
Package base at 85 °C

Package base at 85 °C
To be adjusted to desired Inq
Pulsed, 300us PW, 10% DC

Pw
Pon

Measured Load Pull Performance — 65V Power Tuned 12

in the electrical specifications table. Specifications are not
guaranteed over all recommended operating conditions

Parameter Typical Values Units
Frequency, F 1.2 13 14 GHz
Output Power at 3dB compression, Pzds 57.1 ‘ 57.2 56.9 dBm
Drain Efficiency at 3dB compression, DEffzas 70.5 ‘ 71.3 62.3 %
Gain at 3dB compression, Gads 16.8 ‘ 16.7 15.9 dB
Notes:

1. Test conditions unless otherwise noted: Ta =25 °C, Vb =65V, Ibg = 430 mA

2. Pulsed, 300 us Pulse Width, 10% Duty Cycle.
Measured Load Pull Performance — 65V Efficiency Tuned 1?2

Parameter | Typical Values Units
Frequency, F 1.2 13 1.4 GHz
Output Power at 3dB compression, Pzas 55.5 ‘ 54.2 55.0 dBm
Drain Efficiency at 3dB compression, DEffzas 81.1 ‘ 81.4 79.3 %
Gain at 3dB compression, Gsds 18.4 ‘ 18.5 18.1 dB
Notes:

1. Test conditions unless otherwise noted: Ta =25 °C, Vb =65V, Ibg = 430 mA
2. Pulsed, 300 us Pulse Width, 10% Duty Cycle.
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Qorvo

Measured Load Pull Performance — 50V Power Tuned 12

Parameter Typical Values Units
Frequency, F 1.2 13 1.4 GHz
Output Power at 3dB compression, Pzds 56.2 ‘ 56.1 55.9 dBm
Drain Efficiency at 3dB compression, DEffzds 69.2 ‘ 68.3 68.6 %
Gain at 3dB compression, Gsds 16.1 ‘ 15.9 15.8 dB
Notes:
3. Test conditions unless otherwise noted: Ta = 25 °C, Vb =50V, Ipq = 430 mA
4. Pulsed, 300 us Pulse Width, 10% Duty Cycle.
Measured Load Pull Performance — 50V Efficiency Tuned 1?2
Parameter | Typical Values Units
Frequency, F 1.2 ‘ 13 14 GHz
Output Power at 3dB compression, Pzds 52.5 ‘ 53.1 53.7 dBm
Drain Efficiency at 3dB compression, DEffass 80.7 ‘ 79.6 80.4 %
Gain at 3dB compression, Gzds 18.1 ‘ 17.6 17.4 dB

Notes:

3. Test conditions unless otherwise noted: Ta =25 °C, Vb =50V, Ipg = 430 mA

4. Pulsed, 300 us Pulse Width, 10% Duty Cycle.

QPD1425

375W, 65V, DC - 2 GHz, GaN RF Power Transistor
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RF Characterization — 1.2 — 1.4 GHz EVB, 65V Performancelat 1.3 GHz

QPD1425

375W, 65V, DC - 2 GHz, GaN RF Power Transistor

Parameter Min Typ Max Units
Linear Gain - 20.6 - dB
Output Power at P3dB - 56.3 - dBm
Drain Efficiency at P3dB - 75.1 - %
Gain at P3dB — 17.6 - dB
Gate Leakage (Vo = 10V, Ve =-3.3V) at DC -40 - - mA

Notes:

1. Vb=65V, Ipg=430mA, Temp = +25 °C, Pulse Width = 300 us, Duty Cycle = 10%

RF Characterization — 1.2 — 1.4 GHz EVB, 50V Performance!at 1.3 GHz
Parameter Min Typ Max Units
Linear Gain - 20.3 - dB
Output Power at P3dB - 54.3 - dBm
Drain Efficiency at P3dB - 76.0 - %
Gain at P3dB - 17.3 - dB
Gate Leakage (Vb = 10V, Ve =-3.3V) at DC -40 - - mA

Notes:

2. Vb=50V, Ibg=430mA, Temp = +25 °C, Pulse Width = 300 us, Duty Cycle = 10%

RF Characterization — Mismatch Ruggedness at 1.3 GHz +:23
Symbol Parameter dB Compression Typical
VSWR Impedance Mismatch Ruggedness 3 10:1
Notes:

1. Test conditions unless otherwise noted: Ta = +25 °C, Vb =65V, Ipg = 430 mA
2. Input drive power is determined at pulsed 3dB compression under matched condition at EVB output connector

3. Pulse Width = 300us, Duty cycle = 10%
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Q orvo QPD1425

375W, 65V, DC - 2 GHz, GaN RF Power Transistor

Thermal and Reliability Information — Pulsed ?

Peak IR Surface Temperature vs. Pulse Width
Package base fixed at 85°C; Pdiss Varies
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——259.2W @ 10% Duty Cycle
O 375 | - --259.2W @ 18% Duty Cycle
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1.00E-04 1.00E-03 1.00E-02
Pulse Width (sec)

Parameter Conditions Values | Units

Thermal Resistance, IR* (Bic) 85 °C Case backside Temperature 0.43 °CIW

Peak IR Surface Temperature® (Tcn) Pdiss = 216 W, Pulse: 300 us PW, 10% DC 1775 °C

Notes:
1. Refer to the following document GaN Device Channel Temperature, Thermal Resistance, and Reliability Estimates
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Q 0 r\\[o QPD1425

375W, 65V, DC - 2 GHz, GaN RF Power Transistor

Measured Load-Pull Smith Charts at 65V !

Notes:
1. Test Conditions: Vb = 65V, Ipg = 430 mA, 300 us Pulse Width, 10% Duty Cycle, Temp = 25°C.

~ 1.2GHz, Load-pull
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3dB Compression Referenced to Peak Gain
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Q 0 r\\[o QPD1425

375W, 65V, DC - 2 GHz, GaN RF Power Transistor

Measured Load-Pull Smith Charts at 65V !

Notes:
1. Test Conditions: Vb = 65V, Ipg = 430 mA, 300 us Pulse Width, 10% Duty Cycle, Temp = 25°C.

1.3GHz, Load-pull

A 1 i T i .

/’/ \
\ \ ““T\_\ « Max Power is 57.2dBm

Zs(ifo) = 3.06-4.86i52
Zs(2fo) = 2.46-6.64i52
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ZI(2fo) = 2.07+5.63i 52

T at Z= 3.067-0.406i02
i I T = -0.3209-0.0592i
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3dB Compression Referenced to Peak Gain
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QPD1425
Q 0 P\'o 375W, 65V, DC -2 GHz, GaN RF Power Transistor

Measured Load-Pull Smith Charts at 65V !

Notes:
1. Test Conditions: Vb = 65V, Ipg = 430 mA, 300 us Pulse Width, 10% Duty Cycle, Temp = 25°C.

N4 A - 1T T T
Zs(1fo) = 3.89-4.09i2 - 1 © Max Power is 56.9dBm

I = -
Zs(2fo) = 5.19-10.92i(2 ;tf- uzz.ng;; ;.297&:;1
Zs(3fo) = 1.14-2.77i02 . o

ZI(2fo) = 11.03+15.08i2 ;t";“j‘f;‘;u‘z L‘;—_j"i‘:f‘

7 T =-0.3116+0.4578i
« Max DEff is 79.3%

H"‘nm ‘ ' . ™. - < .
~ - s . at Z= 2.56+1.575i02
s _." \saf I =.0.356+0.24951

- ) T
Y

Zo =610
3dB Compression Referenced to Peak Gain

Data Sheet Rev. B, December 2022
Subject to change without notice 8 of 20 www.gorvo.com


http://www.qorvo.com/

Q 0 r\\[o QPD1425

375W, 65V, DC - 2 GHz, GaN RF Power Transistor

Measured Load-Pull Smith Charts at 50V !

Notes:
1. Test Conditions: Vb =50V, Ipg = 430 mA, 300 us Pulse Width, 10% Duty Cycle, Temp = 25°C.

1.2GHz, Load-pull
b %, . Vo \ 3 __________-I— |
\\ \:‘x\/ / \\\\‘ /_f_/"'/:‘:”\_.. ‘\'\,\.. *\-- I'.I B L - .I
Zs(1fo) = 2.46-4.31 i1 d \\\ f )< N K \ e MaxPoweris 56.2dBm
Zs(2fo) = 3.88+9.22i0 N N P \ at Z= 2.502-0.879if)
Zs(3fo) = 30.75+15.03i0) N \ \ T\ _T" =-0.3964-0.1443i

ZI(2fo) = 1.56+4.01i 12

o ML \ - Y _
\ N TN Y « Max Gain is 18.1dB
/ / N \ X N at Z = 2.162+3.044i02
f / / N X\ T =-0.2806+0.4813i

.4 S % T = MaxDEffis 80.7%

X
514 N at Z= 2.343+2.658i0

3dB Compression Referenced to Peak Gain
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Q 0 r\\[o QPD1425

375W, 65V, DC - 2 GHz, GaN RF Power Transistor

Measured Load-Pull Smith Charts at 50V *
Notes:
1. Test Conditions: Vb =50V, Ipg = 430 mA, 300 us Pulse Width, 10% Duty Cycle, Temp = 25°C.

1.3GHz, Load-pull
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0.9
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3dB Compression Referenced to Peak Gain
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Q 0 r\\[o QPD1425

375W, 65V, DC - 2 GHz, GaN RF Power Transistor

Measured Load-Pull Smith Charts at 50V !

Notes:
1. Test Conditions: Vb =50V, Ipg = 430 mA, 300 us Pulse Width, 10% Duty Cycle, Temp = 25°C.

1.4GHz, Load-pull

\

A,

/ S / ) .

Zs(1fo) = 4.25-3.77i62 _
Zs(2fo) = 5.18-10.9i52
Zs(3fo) = 1.76-7.91i82
ZI(2fo) = 1.29+2.7i02

"\, » Max Power is 55.9dBm
N - atZ=2.345.1.4430
% T =-0.3962-0.2414i

“._ e Max Gain is 17.6dB
Lat Z= 1.774+1.891i02

I' = -0.4574+0.3545i

« Max DEff is 80.4%

at Z= 2.534+0.977i0

T = -0.3879+0.1589i

Zo = 61}
3dB Compression Referenced to Peak Gain
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QPD1425

375W, 65V, DC - 2 GHz, GaN RF Power Transistor

Pin Configuration and Description?

—
fQorvo|

APD1LYE5
YYWU
MXXX ZZZ

O

PIN 1
INDICATOR

Note:

1. The QPD1425 will be marked with the “QPD1425” 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 week
number of the assembly lot start, the “MXXX” is the batch ID, and the “ZZZ” is a serial number for all parts within

one assembly lot.

Pin Symbol

1 RF IN/ Ve
2 RF OUT / Vb
3 GND

Description
Gate

Drain

Source / Ground
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QO r\\'o QPD1425

375W, 65V, DC - 2 GHz, GaN RF Power Transistor

Mechanical Drawing!”’

O 400 +002 0400
[R— .
(CERAMIC) 2X.004 "po1 | (FLANGE)

2X 1004020 —

+005
o 400" 507

(LID)

/ (4X R.025
PIN 1
INDICATOR
1: l=— 040
280 — 062

.160+.015

Notes:
1. All Dimensions are in inches.
2. Dimensions tolerance is + 0.005 inches, unless noted otherwise.
3. Package Base: Ceramic/Metal. Package Lid: Ceramic
4. Package exposed metallization is gold plated.
5. Partis epoxy sealed.
6. Parts meet industry NI1400 footprint.
7. Body dimensions do not include lid shift or epoxy run out which can be up to 0.020” per side.
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QPD1425
375W, 65V, DC - 2 GHz, GaN RF Power Transistor

1.2 — 1.4 GHz Application Circuit - Schematic

3 -
EFIN

Biasing Procedure

VG

I”—:ii:_‘ vo2 Vo2
.|”_[{!; ;I;L'I'J 0
o I T
"|H?|L"‘ i

- Ill_t{llz_' c21

2 c "_”_“I'

I

T Iw Cl3
I. 3 E Cl18

bt B RFOUT

Bias On
1. Turn ON Vg to -5 V.
2. Turn ON Vp to +65 V.

3. Slowly adjust Ve until Io = 430 mA.

(Typically, Ve = -2.8 V.)
4. Turn ON RF.

Bias Off

1. Turn OFF RF.

2. Adjust Ve to -5 V.

3. Turn OFF Vo.

4. Wait two (2) seconds to allow drain capacitors to discharge.
5. Turn OFF Ve.
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Q 0 r\\[o QPD1425

375W, 65V, DC - 2 GHz, GaN RF Power Transistor

1.2 — 1.4 GHz Application Circuit — EVB Assembly?!

Notes:
1. PCB material is RO4350B 0.020” thick, 1 oz. copper cladding on top and bottom layer.
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QPD1425
375W, 65V, DC - 2 GHz, GaN RF Power Transistor

Qorvo

1.2 - 1.4 GHz Application Circuit EVB - Bill of Material

Ref Des Qty Description Mfg Name Mfg Part #
Ul 1 1.2-1.4 GHz Discrete Qorvo QPD1425
C1, C8 2 CAP, 12pF, +/-5%, 250V, HI-Q, 0603 AVX 600S120JT250XT
Cc2 1 CAP, 68pF, 5%, 250V, LF, 0603 AVX 600S680JT250XT
C3 1 CAP, 1pF, +/-0.05pF, 250V, HI-Q, 0603 AVX 600S1ROAT250XT
C4, C5 2 CAP, 1.8pF, +/-0.1pF, 250V, HI-Q, 0603 AVX 600S1R8BT250XT
C6, C7 2 CAP, 2.4pF, +/-0.1pF, 250V, HI-Q, 0603 AVX 600S2R48BT250XT
(01°] 1 CAP, 100pF, +/-5%, 250V, HI-Q, 0603 AVX 600S101JT250XT
C10 1 CAP, 100pF, 5%, 250V, HI-Q, 0805 AVX 600F101JT250XT
Cl1 1 CAP, 1000pF, 5%, 100V, X7R, 0805 AVX 08051C102JAT2A
C13,C14 2 CAP, 5.6pF, +/-0.1pF, 250V, HI-Q, 0805 AVX 600F5R6CT250XT
C15, C16 2 CAP, 2.4pF, 0.1pF, 250V, COG, 0805 AVX 600F2R4BT250XT
C17 1 CAP, 3.9pF, +/-0.25pF, 500V, 1111 AVX 800B3RI9CT500XT
Cc18 1 CAP, 39pF, 5%, 250V, C0G, 0805 AVX 600F390JT250XT
C19, C20 2 CAP, 680uF, +/-20%, 80V, Alum Elec Vishay MAL215099708E3
C21, C22 2 CAP, 1uF, 10%, 100V, X7R, 1812 AVX LD121C105KAB2A
Cc23 1 CAP, 100uF, 20%, 16V, Alum Elec Panasonic EEE-TC1C101P
L1 1 IND, 5.6nH, 5%, 0805 Coilcraft 0805CS-050XJLB
R1 1 RES, 100 OHM, 1%, 0.1W, 0603 Kamaya RMC1/16K1000FTP
R2 1 RES, 10 OHM, 1%, 1/8W, 0805 Panasonic ERJ-6ENF10R0OV
RFIN, RFOUT 2 CONN, SMA (PSF-S00-000) Powell Electronics PSF-S00-000
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QPD1425

375W, 65V, DC - 2 GHz, GaN RF Power Transistor

P3dB Performance over Temperature of 1.2 — 1.4 GHz EVB !

Notes:

1. Test Conditions: Vb =65V, Ipg = 430 mA, 300 us Pulse Width, 10% Duty Cycle.

Output Power @3dB vs. Frequency and Temperature
56.8

loo = 430 MA, Vp = +65 V,
566 | Pulsed RF CW, 300us, 10%

56.4

7/

___%

20

19

18

17

Gain @3dB vs. Frequency and Temperature

loa = 430 MA, Vp = +65 V,
Pulsed RF CW, 300us, 10%

3
fua] — |
S 56.0 C/ g 16 ey
A _________-—————-" — / _,’
: oy £ -40c— /
DO_ 55.8 //. /f / 8 15 +25°C /
< /) +85°C :
3 556 40°C P 14 |
3 +25°C .

554 | +85°C 13

55.2 12

1.2 1.3 1.4 1.2 1.3 1.4
Frequency (GHz) Frequency (GHz)
- Drain Efficiency @3dB vs. Frequency and Temperature 260 Power Dissipation @3dB vs. Frequency and Temperature
Ipg = 430 MmA, Vp = +65 V, Ihg = 430 mA, Vp = +65 V,
Pulsed RF CW, 300us, 10% 240 Pulsed RF CW, 300us, 10%

76

74 \ 220
=72 — 200
& 70 LTS 5 180
5 /o = y /
‘C Vs / [=%
i 68 +——F 3 160 7
L ;o = i/
- 40c—" [ a e
'© 66 +25°C / 5 140 40°C 4{,’ 77
e +85°C : 3 w_//

64 o 120 +25°C

+85°C !
62 100
1.2 1.3 1.4 1.2 1.3 1.4
Frequency (GHz) Frequency (GHz)
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Qorvo

Power Drive-up Performance over Temperatures of 1.2 — 1.4 GHz EVB !

QPD1425

375W, 65V, DC - 2 GHz, GaN RF Power Transistor

Notes:

1. Test Conditions: Vb =65V, Ipg = 430 mA, 300 us Pulse Width, 10% Duty Cycle.
Gain vs. Output Power and Temperature Drain Eff. vs. Output Power and Temperature
23 80
Ina = 430 mA, Vp = +65 V, Ipg = 430 mA, V= +65 V,
22 | Pulsed RF CW, 300us, 10% 70 | Pulsed RF CW, 300us, 10% S
21 60
20 \ ™~ S
- | \ g % e
i AR \\ 2 40 SN e
c 18 X = N\
3 NN \ Y oa N +25°C
O 47 N -40°C £ N P
) +25°C o - +85°C
16 —— 485°C Q20 '
15 10
Freq =1.2GHz Freq =1.2GHz
14 0
£l 46 48 50 52 54 56 58 44 46 48 50 52 54 56 58
OQutput Power (dBm) Output Power (dBm)
Gain vs. Output Power and Temperature % Drain Eff. vs. Output Power and Temperature
23 r - - -
Iog = 430 MA, Vi, = +65 V, log =430 mA, V5 =+65 V,
22 | Pulsed RF CW, 300us, 10% 70 | Pulsed RF CW, 300us, 10% A
21 __ 60 ~
20 NN - s /
N\ LZ; 50 / \\\ N
o 19 SN AN
-%, NN \\\ :8 40 / ) - doe ]
1 = . o
5 ¢ \ T -40°C \ TR » \ +25Dc N
O 47 +25°C _g —— +85°C
+85°C o
16 | 20
15 10
Freq = 1.3 GHz Freq=1.3 GHz
14 0
44 46 48 50 52 54 56 58 44 46 48 50 52 54 56 58
Output Power (dBm) Output Power (dBm)
Gain vs. Output Power and Temperature - Drain Eff. vs. Output Power and Temperature
23 ’ )
lpg = 430 MA, Vp = +65 V, lpg =430 mA, Vp =+65 V,
22 | Pulsed RF CW, 300us, 10% 70 | Pulsed RF CW, 300us, 10% )
21 __ 60 /
20 | —— \ > 50 P
— N\ 0
m 19 S o 20
= S
< 18 ‘ ™ &
© \ w 30 | /
O 4 \ \ £ N -40°C
\\ | 4oc h g 2 / N2
16 LM s2s%C ' — TT+85°C
+85°C |
15 r 10 '
Freq = 1.4 GHz Freq = 1.4 GHz
14 ‘ : 0
44 46 48 50 52 54 56 58 44 46 48 50 52 54 56 58
Output Power (dBm) Output Power (dBm)
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Q orvo QPD1425

375W, 65V, DC - 2 GHz, GaN RF Power Transistor

Recommended Solder Temperature Profile
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