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Product Overview

MICROCHIP's ICP1040 is a two-stage MMIC power amplifier in bare die form, fabricated using GaN on SiC
technology. ICP1040 operates from 7.9 GHz - 11GHz with 41 dBm output power, 40% typical PAE and 22 dB
small signal gain. ICP1040 is well suited to commercial and defense applications.

Key Features Functional Block Diagram

* Frequency Range: 7.9 GHz - 11GHz

* Pout: 41 dBm, Pulsed (100 ps, 10%) and P;, = 24 dBm
*  Pout: 41 dBm, CW and P;, = 24 dBm

*  PAE: 40%

+ Small signal gain: 22 dB

*+ Bias: Vp =28V, Ipq =100 mA

* Technology: GaN on SiC

+ Lead-free and RoHS compliant
* Pulsed or CW operation

+ DieSize:3.08 mm x 1 mm

+ Integrated power detector

Applications
+ Test and measurement
+ Aerospace and defense

* Point-to-point radio

Electrical Specifications

T rameter— Conditons | win | o | wax | ot |
11 GHz

Frequency 7.9

Output power at Ps5 (CW) Pin = 24 dBm 41 dBm
Gain at Pgy (CW) Pin = 24 dBm 15 dB
PAE at Pg, (CW) Pi, = 24 dBm 38 %
Drain current at Pga¢ 1200 1400 mA
Gate voltage (Vg) for IDQ -2.2 -2.6 Vv
Small signal gain 22 dB
Input return loss 8 dB

IM3 Pout=40 dBm 20 dBc

Output power at Pgy¢ (pulsed) Pin =24 dBm 41 dBm
Gain at Py (pulsed) Pin, = 24 dBm 15 dB
PAE at P, (pulsed) Pin =24 dBm 40 %

Test Conditions: Vp=28V, Ipq=100mA, Ty=25°C
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1. Electrical Specification

1.1. Absolute Maximum Ratings

Absolute Maximum Thermal and reliabiliey
Drain voltage (V) 52y
Drain - Source Breakdown Voltage (Vpsgkp) 120V Thermal resistance 4.5 °C/W
Gate voltage (V) -8to 1.5V
Gate voltage (Ig) 3.75 mA + Assumes silver sintered epoxy
Drain current (CW) Tp = 25 °C 2.3A attach (15 “m.th'Ck) mounted
PR on CuMo carrier.
Power dissipation (CW) Tp = 25 °C 55.5W g
o Cor o + Base temperature is assume
Power dissipation (CW) Ty = 85 °C 42.2W at the top of the CuMo carrier.
W |n[:r)1ut pO\INer P00 Ta = 25°C +30 doBm + Thermal resistance calculated
Channel temperature 275 °C using IR measurement of the
Storage temperature -65°Cto +150 °C channel temperature.
Input power VSWR (3:1),
30 dBm
Vp =24V, Ipg = 150 mA
Eutectic die attach temperature (30s) 320 °C

Note:
Exceeding any one or combination of these limits may cause permanent damage to this device.

Microchip Technology Inc. does not recommend sustained operation near these survivability limits.
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1.2. Small Signal Performance

Typical Data over T,
Test conditions: Vp = 28V, Ipqg = 100 mA

Figure 1-1. S,
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Typical Data over T,
Test conditions: Vp = 24V, Ipg = 100 mA

Figure 1-4. S5,
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1.3. Large Signal Performance

Typical CW power data
Test Conditions: Vp = 28V, Ipg = 100 mA, Ty = 25 °C, CW

Figure 1-7. Py vs. Pj,

2
B

Pout (dBm)
BB R e NN NNNW® W W W S
NP5 &3RNRXBRERNES&EER

-
S

Figure 1-9. PAE vs. P

a5

Pin (dBm)

40

[

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44

Figure 1-11. Vdif‘f (VREF - VDET) VS. Pout

Pout (dBm)

10000
z
g 100
B
>
1

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44

@ MICROCHIP

Pout (dBm)

o Freq (GH)T

o freq (GHe7

Frea (GHal

Frea (GHae84

Frea (GH1-83.

—— Freq (GH52

Frea (GH2e95.

Frea (GHi-10

—— g (GH)-104

—— freq (GH1-108

—— Frea (GH112

——— fea(Hra

—— Freq (GH7

Frea (GHal8

Frea (GHil8.4

Froq (GHa:83.

—— req (GH1:02

Frea (GHi95.

Frea (GHa-10

—— e (GH1-104

—— Freq(GH)<108

—— g (GHe1L2

—— Freq (GH)7

—— frea(Hra

Froq (GHals

Freq (GHa8a

Freq (G858

—— Freq (M0

Freq (G206

Freq (G0

—— Freq (H10

—— Freq (GH108

—— Froq (H1L2

Figure 1-8.

Gain (dB)

Gain vs. Pyyt

1

0 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44
Pout (dBm)

Figure 1-10. I4 vs. P
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Figure 1-12. P, vs. Freq
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Figure 1-13. PAE vs. Freq
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Test Conditions: Vp = 28V, Ipg = 100 mA, CW

Figure 1-14. Pout vs Pin at 8GHz
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Figure 1-16. PAE vs Pout at 8GHz
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Figure 1-15. Gain vs Pout at 8GHz

—TAn 0"

Ta-25°C

Gain (dB)

e TAESC

[

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44
Pout (dBm)

Figure 1-17. Id vs Pout at 8GHz
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Figure 1-18. V¢ (Vrer — Vpet) Vs Pout at 8GHz
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Figure 1-19. Pout vs Pin at 9.2GHz
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Figure 1-21. PAE vs Pout at 9.2GHz
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Figure 1-20. Gain vs Pout at 9.2GHz
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Figure 1-22. Id vs Pout at 9.2GHz
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Figure 1-23. Vit (Vrer — Vpet) Vs Pout at 9.2GHz
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Figure 1-24. Pout vs Pin at 11.2GHz
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Figure 1-26. PAE vs Pout at 11.2GHz
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Figure 1-25. Gain vs Pout at 11.2GHz
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Figure 1-27. Id vs Pout at 11.2GHz
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Figure 1-28. V4t (Vrer — Vpet) Vs Pout at 11.2GHz
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Typical CW Power Data over V4
Test Conditions: Vp = 20, 24 and 28V, Ipq = 100 mA, T = 25 °C, CW

Figure 1-29. Gain vs Pout at 8GHz
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Figure 1-31. Gain vs Pout at 9.2GHz
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Figure 1-33. Gain vs Pout at 11.2GHz

26
24
22
20
18
16
14
12

Gain (dB)

10

8
6
3
2
]

V=207

Vvd=2av.

V=28V

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44

Pout (dBm)
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Test Conditions: Vp = 28V, Ipq = 50, 100 and 200 mA, CW

Figure 1-35. Gain vs Pout at 8GHz

26
24
22
20
18
16
14

Gain (dB)

12

10

8
6
4
2
[

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44
Pout (dBm)

Figure 1-37. Gain vs Pout at 9.2GHz
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Figure 1-38. PAE vs Pout at 9.2GHz
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Figure 1-39. Gain vs Pout at 11.2GHz
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Typical Pulsed power data

Test Conditions: Vp = 28V, Ipq = 100 mA, T4 = 25 °C, Pulsed 10% Duty Cycle 1 ms period

Figure 1-41. P, vs. P,
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Figure 1-46. P, vs. Freq
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Figure 1-48. Pout vs Pin at 8GHz
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Figure 1-50. PAE vs Pout at 8GHz
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Figure 1-52. V¢ (VRrer — Vpet) Vs Pout at 8GHz
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Figure 1-53. Pout vs Pin at 9.2GHz
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Figure 1-55. PAE vs Pout at 9.2GHz
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Figure 1-54. Gain vs Pout at 9.2GHz
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Figure 1-56. Id vs Pout at 9.2GHz
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Figure 1-57. Vit (Vrer — Vpet) Vs Pout at 9.2GHz
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Figure 1-58. Pout vs Pin at 11.2GHz
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Figure 1-60. PAE vs Pout at 11.2GHz
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Figure 1-59. Gain vs Pout at 11.2GHz
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Figure 1-61. Id vs Pout at 11.2GHz
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Figure 1-62. V4t (Vrer — Vpet) Vs Pout at 11.2GHz

10000

Vdiff(v)

100

1

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44

Pout (dBm)

Typical Pulsed Power Data over V4
Test Conditions: Vp = 20, 24 and 28V, Ipq = 100 mA, Ta = 25 °C, Pulsed 10% Duty Cycle 1 ms period

Figure 1-63. Gain vs Pout at 8GHz

26
24
22
20
18
16
14

12

Gain (dB)

10

8
6
4
2
[

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44
Pout (dBm)

Figure 1-65. Gain vs Pout at 9.2GHz
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Figure 1-64. PAE vs Pout at 8GHz
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Figure 1-67. Gain vs Pout at 11.2GHz
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Figure 1-68. PAE vs Pout at 11.2GHz
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Test Conditions: Vp = 28V, Ipq = 50, 100 and 200 mA, Pulsed 10% Duty Cycle 1 ms period

Figure 1-69. Gain vs Pout at 8GHz
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Figure 1-71. Gain vs Pout at 9.2GHz
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Figure 1-72. PAE vs Pout at 9.2GHz
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Figure 1-73. Gain vs Pout at 11.2GHz
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Figure 1-74. PAE vs Pout at 11.2GHz
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Typical IMD3 Data over temperature
Test Conditions: tone spacing= 10 MHz, Ipg=100mA, T =-40, 25 and 85°C

Figure 1-75. IM3 vs Pout total at 8GHz
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Figure 1-77. IM3 vs Pout total at 10GHz
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Figure 1-76. IM3 vs Pout total at 9.2GHz
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Figure 1-78. IM3 vs Pout total at 11.2GHz
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Typical IMD3 Data over Vd
Test Conditions: tone spacing= 10 MHz, Ipg=100mA, T4 =25°C

Figure 1-79. IM3 vs Pout total at 8GHz
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Figure 1-81. IM3 vs Pout total at 10GHz
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Figure 1-80. IM3 vs Pout total at 9.2GHz
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Figure 1-82. IM3 vs Pout total at 11.2GHz
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Typical IMD3 Data over Idq
Test Conditions: tone spacing= 10 MHz, Vd=28V, T4 =25°C

Figure 1-83. IM3 vs Pout total at 8GHz
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Figure 1-85. IM3 vs Pout total at 10GHz
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Figure 1-84. IM3 vs Pout total at 9.2GHz
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Figure 1-86. IM3 vs Pout total at 11.2GHz
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2.

Mechanical Drawing
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Units: pm | Thickness: 100 um | Backside of Die is RF and DC ground

Pad No. Function Description
Dlmen5|on

1 85x85
2 85x85
3 150x85
4 85x85
5 85x85
6,8 12 14 90x100
7 90x150
9 85x85
10 85x85
11 85x85
13 90x150

Vi@
RFiN

First stage drain voltage, decoupling and bypass caps required
Ground connection
Second stage drain voltage, decoupling and bypass caps required
Detector circuit reference voltage
Detector circuit voltage output
Ground connection
RF output, 50Q, DC blocked
Second stage gate bias, decoupling and bypass caps required
Ground connection
First stage gate bias, decoupling and bypass caps required
RF input, 50Q, DC blocked

1. Vpg and Vp, can be connected together in application
Vg1 and Vg, can be connected together in application
Applications requiring power detector may use these pads, otherwise pins should be Not

Connected
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3. Application Circuit

Vb

RFouy

Ve évm ICP1040

Ve Abg 4&5

Bill of materials

ICP1040 MMIC 10HPAQO88

U2 -u7 100 pF Johanson 100 pF SLC capacitor 500U01A101MT4W
ug -ul1 10000 pF 10 nF SLC capacitor V30BZ682M1SX
C1-C4 10 nF 10 nF capacitor, 10% 50V, 0402 Various

G5, C6 100 nF 100 nF capacitor, 10% 50V, 0402 Various
C7-C10 10 uF 10 pF capacitor, 10% 35V, 0603 Various
R1, R2, R5 0Q 0Q resistor Various

R3, R4 100kQ 100kQ resistor Various
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4. Evaluation Board

VD1
VD2
VREF
VSRC
VDET

VG1
VG2

O

DETAIL A - BONDING

Top and bottom layer 0.5 0z. Cu + ENEPIG Dielectric RO4003C
Electroless nickel 3 pum-6pm Overall thickness Approx. 0.27 mm

Electroless palladium 0.05pum-0.3pm VIA plating thickness >15um
Immersion gold 0.04 pm - 0.06 pm 50Q line width 420 pm

25
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Other considerations
Assembly Guidance

Interconnect Assembly Notes Die Attach using Eutectic

+ Ball bonding is preferred technique. *  Flux-less gold-tin (AuSn) (80% Au, 20% Sn with a melting
point of 280 °C) preform is preferred between the die and

+ Force, time, and ultrasonic parameters are critical.
attached surface.

*  Aluminum wire bonding is not recommended.
yminum wi e ! + Recommended preform should be approximately 0.0012"

+ Bond wire diameter of 1mil is recommended. thick.

+ Die bonder using heated collet with a temperature of 310
°C and die scrubbing should be used to ensure wetting
and prevent formation of voids.

+  Exposure to extreme temperature should be kept to a

minimum.
+ The optimum die attach environment is nitrogen
atmosphere.
Die Attach of Component using Adhesive Re-flow Process
+ Vacuum collets are preferred method of pickup. +  Maximum temperature 320 °C for 30 seconds.
*  Pickup method must consider the avoidance of die air * Material matching for coefficient of thermal expansion is
bridges. crucial for long-term reliability

+ Die suitable for eutectic and epoxy die attach.

*  Where epoxy is used, high thermal conductivity Silver
Sintered Epoxy is recommended.

+  Kyocera CT2700R7S
* Namics H9888-3

Optimum RF power performance achieved by minimizing output RF bond wire length.

For optimum RF and thermal performance, Microchip recommends that the die assembly base plate
be adequately bolted to a forced-air heat sink using a thermal graphite interface pad (Graphite
Interface Material GCSP-017-G 170 pum thick) for optimal heat transfer. There are many variables

of the second-level assembly between the die base plate and heat sink that Microchip is unable to
control and the following guidance is provided as information only. Fixing bolts should be provided
as close to the die as possible to ensure an optimum pressure between the base plate and the heat
sink. The bolting screws used to attach the PCB assembly to the heat sink must include washers
and be tightened with a suitable tightening pattern to ensure a uniform pressure. It is advised that
all surfaces be cleaned and be free of grease and dust prior to fully aligning the assembly with all
screws located and tightened to finger tight. Further torquing of the screws must be achieved in
multiple phases using a star shaped pattern to a recommended torque of 2.5 N/m.

Biasing

1. SetVgto -5V 1. Turn off RF

2. SetVpto28V 2. Turn off Vp, allow drain capacitors to discharge
3. Adjust Vg positive until I quiescent is 100 mA 3. Turn off Vg

4. Limitlpto 2A

5. Apply RF signal
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6. Ordering, Shipping, and Handling

Handling Recommendations

Integrated circuits are sensitive to electrostatic discharge (ESD) and can be damaged by static
electricity. It is recommended to follow all procedures and guidelines outlined in the Microsemi
application note ANO1: GaAs MMIC Handling and Die Attach Recommendations.

Ordering Information
For additional ordering information, contact your Microchip sales representative.

ICP1040-1-110I 7.9-11GHz 12W Bare Die GaN Power Amplifier in Gelpak Format
EV76C83A Dev Tool for ICP1040-1-110I, Fully Assembled Evaluation Board with RF
Test Data
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7. Revision History
The revision history describes the changes that were implemented in the document. The changes
are listed by revision, starting with the most current publication.

Table 7-1. Revision History

A 07/2025 Document created.
B 05/2026 Measurement charts updated
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Microchip Information

Trademarks

The “Microchip” name and logo, the “M" logo, and other names, logos, and brands are registered
and unregistered trademarks of Microchip Technology Incorporated or its affiliates and/or
subsidiaries in the United States and/or other countries (“Microchip Trademarks"). Information
regarding Microchip Trademarks can be found at https://www.microchip.com/en-us/about/legal-
information/microchip-trademarks.

ISBN:

Legal Notice

This publication and the information herein may be used only with Microchip products, including

to design, test, and integrate Microchip products with your application. Use of this information

in any other manner violates these terms. Information regarding device applications is provided
only for your convenience and may be superseded by updates. It is your responsibility to ensure
that your application meets with your specifications. Contact your local Microchip sales office for
additional support or, obtain additional support at www.microchip.com/en-us/support/design-help/
client-support-services.

THIS INFORMATION IS PROVIDED BY MICROCHIP “AS IS”. MICROCHIP MAKES NO REPRESENTATIONS
OR WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY

OR OTHERWISE, RELATED TO THE INFORMATION INCLUDING BUT NOT LIMITED TO ANY IMPLIED
WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR
PURPOSE, OR WARRANTIES RELATED TO ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL, OR
CONSEQUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY KIND WHATSOEVER RELATED TO THE
INFORMATION OR ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS BEEN ADVISED OF THE
POSSIBILITY OR THE DAMAGES ARE FORESEEABLE. TO THE FULLEST EXTENT ALLOWED BY LAW,
MICROCHIP'S TOTAL LIABILITY ON ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION OR

ITS USE WILL NOT EXCEED THE AMOUNT OF FEES, IF ANY, THAT YOU HAVE PAID DIRECTLY TO
MICROCHIP FOR THE INFORMATION.

Use of Microchip devices in life support and/or safety applications is entirely at the buyer’s risk,

and the buyer agrees to defend, indemnify and hold harmless Microchip from any and all damages,
claims, suits, or expenses resulting from such use. No licenses are conveyed, implicitly or otherwise,
under any Microchip intellectual property rights unless otherwise stated.

Microchip Devices Code Protection Feature
Note the following details of the code protection feature on Microchip products:

+ Microchip products meet the specifications contained in their particular Microchip Data Sheet.

« Microchip believes that its family of products is secure when used in the intended manner, within
operating specifications, and under normal conditions.

« Microchip values and aggressively protects its intellectual property rights. Attempts to breach the
code protection features of Microchip products are strictly prohibited and may violate the Digital
Millennium Copyright Act.

+ Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its
code. Code protection does not mean that we are guaranteeing the product is “unbreakable”.
Code protection is constantly evolving. Microchip is committed to continuously improving the
code protection features of our products.
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