SKYWORKS"
APPLICATION NOTE

High Voltage Driver Circuit for High-Power
PIN Diode Switches

Introduction

The Skyworks High Voltage Driver Circuit for High-Power PIN : g
Diode Switches is a CMOS/TTL compatible, DC coupled, high- A , ! 15 LR
speed PIN diode bias controller. The part number is EN55-D231. i PON T v

This driver reference design operates with the Skyworks series of
high-power SPDT PIN diode switches. These include:

o SKY12248-478LF
o SKY12255-708LF

This driver is designed to provide forward currents up to 200 mA
for each diode, and 48 V reverse bias. It is designed for SPDT
switches operating with a CW input a power up to 160 W. The
driver utilizes fast switching NPN/MOSFET transistors. The driver RI3 RIS RIS
is designed to utilize a VDD of 5V and a VBIAS up to +48 V.

Skyworks Green™ products are compliant with
all applicable legislation and are halogen-free.

Features
‘ For additional information, refer to Skyworks o High drive current capability of 200 mA

Definition of Green™, document number

o Up to 48 V back bias for switch off state condition
SQ04-0074.

o Fast turn on/turn off switching speed of <403 nS with 48 V
e CMOS logic input
o Single TTL logic input
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APPLICATION NOTE  HIGH VOLTAGE DRIVER CIRCUIT FOR HIGH-POWER PIN DIODE SWITCHES

Table 1. Absolute Maximum Ratings!

Parameter Conditions
VDD -05Vto7V
VBIAS -0.5Vto 60V
VCTRL -05Vto5V
RX drive current 200 mA
TX drive current 200 mA
Operational temperature —-40 to +85°C
Storage temperature 5510 +125°C

1 Exposure to maximum rating conditions for extended periods may reduce device reliability. There is no damage to device with only one

parameter set at the limit and all other parameters set at or below their nominal value. Exceeding any of the limits listed here may

result in permanent damage to the device.

Table 2. Pin Description (INPUT CONNECTOR)'

PIN Conditions Value
GND Ground GROUND
VDD 5V INPUT
VBIAS 48V INPUT
VCTRL Logic Control 0/3 V INPUT
GND Ground GROUND
GND Ground GROUND
Only 1 board GND pin needs to be connected.
Table 3. Pin Description (OUTPUT CONNECTOR)!
PIN Conditions Value
GND Ground GROUND
VDD 5V OUTPUT
X OVorupto+48V OUTPUT
GND Ground GROUND
GND Ground GROUND
RX OVorupto+48V OUTPUT
'Only 1 board GND pin needs to be connected.
Table 4. Truth Table (Switch)
Logic Control State State
VCTRL TX Mode RX MODE
0 OFF ON
1 ON OFF
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APPLICATION NOTE  HIGH VOLTAGE DRIVER CIRCUIT FOR HIGH-POWER PIN DIODE SWITCHES

Table 5. Electrical Specifications T = +25 °C, VDD = 5 V, VBIAS = +48 /!

Parameter Conditions Min Typ Max Unit

DC output current TX or RX Mode 150 200 mA
Reverse bias voltage TX or RX Mode 1V drop on PIN diode 47 '
Switching speed ANT-RX TRISE: RF 10% to 90% 78 ns
Switching speed ANT-RX TFALL: RF 90% to 10% 182 ns
Switching speed ANT-RX TON: DC 50% to RF 90% 536 ns
Switching speed ANT-RX TOFF: RF 90% to DC 50% 382 ns
Switching speed ANT-TX TRISE: RF 10% to 90% 252 ns
Switching speed ANT-TX TFALL: RF 90% to 10% 305 ns
Switching speed ANT-TX TON: DC 50% to RF 90% 554 ns
Switching speed ANT-TX TOFF: RF 90% to DC 50% 583 ns
Settling time ANT-TX 0.3 dB from settled RF value 637 ns
Settling time ANT-RX 0.3 dB from settled RF value 612 ns
Pulse repetition freq. PRF 50% duty cycle DC 100 kHz
Logic levels Log?c “0” 0 0.3 0.63 v
Logic “1” 117 1.8 3.3 v

1 Measured when driving the SKY12248-492LF SPDT switch.

Table 6. Recommended Operating Conditions

Parameter Conditions Min Typ Max Unit
VDD voltage ANT and driver voltage 45 5 5.5 v
VDD current ANT and driver current 150 mA
VBIAS Bias voltage 5 48
VCTRL (LOW) RX Mode 0.0 0.3 0.63 v
VCTRL (HIGH) TX Mode 1.17 1.8 33 Vv
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CUTFUT Ch _ [NFUT

R13 R14 R15

Figure 1. Circuit Board 1.5-in x 1.5-in

¢ RT b e | e e ban ¢ Ri2

MK D 2eK = —1000pF
y o402 0603

Sur S ;
0603 % 0805 0805

Nﬂ I~ 1= o

-r —I + - B

‘ T RiD
RS ¢ RI7 / 75K

7 | Bsses BsSe4
TSK ) DNI cs 5 0402 PN | P I
0402 § 0am2 S 1000pFS, N —, soras S0T23 Tl
N o =—=ne03 RS M3 4 re
o o o
0402 0402
DCH1 .
+
+5V
+48V ‘Lycjm:aF;E‘ .
s 0603 h M1 | anvoo onroo0 | M2 M3, | 27002 anron2 | ma
= 1 ‘ 1 o = 1| sotas soms b 1

_‘ SOT23 sotz3 | XA E |_ e I
q K 3 F: R4
o o
N 0402 = 0402

6 PIN HEADER
DCEPINCONN

a1 a2
I~ mmaTADs MMBTAOS
b, sotz sotn
=  soins - 2 "
Transiator ¢ ::m }‘-E
> 0402 0402 ¢

Figure 2. Application Circuit Schematic
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APPLICATION NOTE  HIGH VOLTAGE DRIVER CIRCUIT FOR HIGH-POWER PIN DIODE SWITCHES

Table 7. Driver Board EN55-D236-001 Bill of Materials

Item Number |Quantity | Part Reference | Value |Units| Size MFG Part Number Description

1 1 C1 1000 pF  |0603 |TDK Corp C1608C0G1H102J080AA |CAP CER 1000 PF 50 V +/-5%

2 1 C2 0.1 uF 0603 Murata GRM188R72A104KA35J |CAP CER 0.1 uF 100 V +/-10%

3 2 €3, C5 1000 pF (0402 Murata GRM1555C1H102JA01J  |CAP CER 1000 PF 50 V COG 0402 +/-5%
4 1 C4 0.1 uF 0402 Murata GRM155R71H104KE14J |CAP CER 0.1 UF 50V X7R 0402 +/-10%
5 1 C6 0.01 uF 0402 Murata GRM155B31H103KA88D |CAP CER 0.01 UF 50 V 0402 +/-10%

6 2 R1, R2 430 Ohms|0402 Panasonic ERJ-2RKF4300X RES SMD 430 OHM 1/10 W +/1%

7 4 R3,R4,R5,R6 |0 Ohms|0402 Panasonic ERJ-2GEOROOX RES SMD 0 OHM JUMPER 1/10 W

8 2 R7, R8 47K Ohms|0402 Panasonic ERJ-2RKF4702X RES SMD 47K OHM 1/10 W +/1%

9 2 R9, R10 7.5K Ohms|0402 Panasonic ERJ-PA2F7501X RES SMD 7.5 KOHM 1/5 W +/-1%

10 2 R11,R12 499 Ohms|0805  |Vishay Dale RCS0805499RFKEA RES SMD 499 OHM 0.4 W +/1%

11 2 R13, R15 750 Ohms|0402 Panasonic ERJ-2GEJ751X RES SMD 750 OHM 0.1 W +/5%

12 1 R14 470 Ohms|0402  |Panasonic

13 1 R16 DNI

14 1 X2 S0T23-5|Texas Instruments |SN74LV1T34DBVR IC BUFFER NON-INVERT 5.5V SOT23-5
15 1 X3 SOT363 |Nexperia 74LVC2G14GW,125 IC INVERTER SCHMITT 2CH SC88

16 4 M1, M2, M3, M4 SOT-23 |Diodes Inc. NDS7002A MOSFET N-CH 60 V 280 MA SOT-23

17 2 Ms, M6 S0T-23 | Diodes Inc. ZXMP10A13FQTA F-channo) 100 4 800 A (Ta) 625 mi (Ta)
18 2 Q1, Q2 SOT-23 |0On Semiconductor[NSVMMBTAOQSLT1G NPN General Purpose Amplifier

19 1 Q3 SOT-23 |0On Semiconductor|SMBT2222A NPN General Purpose Amplifier

20 1 pckiw |00 Samtec TSW-106-25-5-5 Male 6-pin, .100 Ctrs., .025" square pins
21 1 DCH2 (F) It-slepa:ger Samtec SSQ-106-03-G-S Female 6-pin, .100 Ctrs., .025" square pins
22 1 Heat Sink 1.5x1.5” Skyworks ENG031312RMP1 Aluminum: 0.25” thick

23 4 Screws 2-56 Hex Socket Head, Length = 0.25”
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APPLICATION NOTE e HIGH VOLTAGE DRIVER CIRCUIT FOR HIGH-POWER PIN DIODE SWITCHES

Driver Performance Data VDD =5 V, VBIAS = +48 V, T = +25 °C

Figures 3 and 4 show the no load voltage vs. time response of the TX bias output pulse with a max voltage output of +48 V.
the driver circuit operating with a 0 to 3.3 V VCTRL signal and 0 The blue trace is RX bias output pulse and with a max voltage
to +48 V on VBIAS. The PRF is set to 100 kHz. The red trace is output of +48 V. The gold trace is VCTRL pulse of 0 t0 3.3 V.
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Figure 4. VCTRL to RX/TX Rise/Fall Time with SKY12248-492LF Connected: Vdd = 5 V, Vctrl 0/3.3 V, RX/TX = 0/48 V (No RF): 500 nS/Div
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Driver + Switch Performance Data, VDD =5V, VBIAS = +48 V, T = +25 °C
The Skyworks driver circuit is designed to work with the

Skyworks family of high-power PIN switches and mates directly
to the Skyworks PIN switch evaluation board EN55-D236-001,

as shown in Figure 5. The standard bill of materials for the
SKY12248-478LF evaluation board is shown in Table 8 and

represented in the schematic in Figure 6.

The exact bill of materials will vary from switch type and
frequency of operation. See switch data sheets for specific bill
of materials. The total bill of materials for the switch RF
evaluation board and driver circuit board is the sum of the

components listed in Tables 7 and 8.

Table 8. SKY12248-478LF Evaluation Board Bill of Materials Without Driver

Component Size Manufacturer Mfr Part Number Description
C1,C3 0603 MuRata GQM1875C2E101GB12D Ceramic capacitor, 12 pF, 250 V COG, +5%
C2 0402 MuRata GQM1875C2E4R6WB12D Ceramic capacitor, 4.6 pF, 250 V, COG, +0.05 pF
C4 0402 MuRata GRM1555C18102JA01 Ceramic capacitor, 1000 pF, 50V, COG, +5%
C6, C7 0603 MuRata G CM1885C2A101JA16D Ceramic capacitor, 100 pF, 100 V, COG, =5%
C8 0402 MuRata G RM1555C2A101JA01D Ceramic capacitor, 100 pF, 100 V, COG, =5%
L1,L6 0603 | CoilCraft 06038C-6N8XJE Inductor, 6.8 nH, 2.1 A, 5%
L2 0603 MuRata LQW18ANSN7D0O0 Inductor, 8.7 nH, 650 mA, + 0.5 nH
L3 0603 CoilCraft 0603HC-10NXGE Inductor, 10 nH, 2.0 A, +2%
L4 0402 MuRata LQG15HN18NJ02D Inductor, 18 nH, 350 mA, £5%
R1, R6 0805 Rohm ESR10EZPF56R0 Resistor, 56 Q, 0.4 W, + 1%
R3, R4 0805 | ROhm ERJ-PO6F1001V Resistor, 1K Q, 0.5 W, + 1%, for Off Bias = 16 V/, R2, R5 = DNI
R2, R3, R4, R5 0805 Vishay Dale CRCW08056K20FKYAHP Resistor, 6.2 K ©, 0.5 W, + 1% for Off Bias = 48 V
C5,L5 DNI
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Figure 5. Skyworks High-Power PIN Switch Evaluation Board + Driver Circuit
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APPLICATION NOTE  HIGH VOLTAGE DRIVER CIRCUIT FOR HIGH-POWER PIN DIODE SWITCHES
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Figure 6. Skyworks High Power PIN switch Evaluation Board Circuit EN55-D677-001
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APPLICATION NOTE e HIGH VOLTAGE DRIVER CIRCUIT FOR HIGH-POWER PIN DIODE SWITCHES

Figures 7 and 8 show the RF pulse measurement performance The VCTRL is switched 0 to 3.3 V, which switches RX/TX bias
of the driver circuit connected to the SKY12248-478LF 120 W voltage from 0 to 48 V. The RF frequency is 2.6 GHz with an
High Power PIN Diode T/R switch. input power of -10 dBm. The PRF (pulse rate frequency) is 1
Figure 7 illustrates the RF rise and fall time of the RF pulse and kHz and the duty cycle is 50%. Measurements are made with 2
the relationship of the VCTRL DC pulse to the RF turn on and off. to 3 GHz SMA band pass filters on the TX and RX RF ports.

Figure 8 shows the RF signal settling time. This is the time delta
from the VCTRL trigger until the RF signal is 0.3 dB below its
settled value of the RF switch low loss state.

TELEDYNE LECROY
Everywheroyoulook™
‘ Vctrl I

Table 9 summarizes the test results.

i i
Measure Pirise(F2) P21all(F2) PYAIQIV(CIFD) PEAI@IV(CIF)  PSrise(F3) PE1all(F3) PT.AI@IV(CIFY) PEAI@IVCIFY Measure Prrise(F2) P21ali(F2) PIAI@IV(CIF2) PAGIQIV(CIFY)  PSrise(Fy PE1lI(F3) PTAI@IV(CIFY PE.AIGIVCIFY
valve 306388 ns 583.4298 ns 78332 ns 5357524 ns valve 251830ns 5640079 ns 182439 ns 382.0208 ns
status. v v v v status v v v

RF = 2.6 GHz, Pin = -10 dBm, F = 1 kHz, RF = 2.6 GHz, Pin = -10 dBm, F = 1 kHz,
DC = 50% (inc. HPF) Negative Trigger DC = 50% (inc. HPF) Positive Trigger

Figure 7. Skyworks High Power PIN Switch Evaluation Board + Driver Circuit
RX Fall/TX Rise Time with HV Driver
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Figure 8. Skyworks High Power PIN Switch Evaluation Board + Driver Circuit
RX and TX 0.3 dB Settling Time with HV Driver
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Table 9. Skyworks High Power PIN Switch Evaluation Board + Driver Circuit Switching Speed Test Summary

RX X Units

Rise Time 10 to 90% 78 252 nS

Fall Time 90 to 10% 182 305 nS

DC 50% to RF ON 90% 536 554 ns

DC 50% to RF OFF 10% 382 583 ns

Settling time (0.3 dB) 637 612 nS
Summary
The Skyworks high-power PIN diode switch driver reference the Skyworks series of high-power SPDT PIN diode switches.
design circuit is a CMOS/TTL compatible, DC coupled, high- Samples of the PIN diode driver and switch EVBs are available
speed PIN diode bias controller. It is designed to operate with from Skyworks.
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Copyright © 2021 Skyworks Solutions, Inc. All Rights Reserved.

Information in this document is provided in connection with Skyworks Solutions, Inc. (“Skyworks”) products or services. These materials, including the information contained herein, are provided by
Skyworks as a service to its customers and may be used for informational purposes only by the customer. Skyworks assumes no responsibility for errors or omissions in these materials or the
information contained herein. Skyworks may change its documentation, products, services, specifications or product descriptions at any time, without notice. Skyworks makes no commitment to
update the materials or information and shall have no responsibility whatsoever for conflicts, incompatibilities, or other difficulties arising from any future changes.

No license, whether express, implied, by estoppel or otherwise, is granted to any intellectual property rights by this document. Skyworks assumes no liability for any materials, products or
information provided hereunder, including the sale, distribution, reproduction or use of Skyworks products, information or materials, except as may be provided in Skyworks Terms and Conditions of
Sale.

THE MATERIALS, PRODUCTS AND INFORMATION ARE PROVIDED “AS IS” WITHOUT WARRANTY OF ANY KIND, WHETHER EXPRESS, IMPLIED, STATUTORY, OR OTHERWISE, INCLUDING FITNESS FOR A
PARTICULAR PURPOSE OR USE, MERCHANTABILITY, PERFORMANCE, QUALITY OR NON-INFRINGEMENT OF ANY INTELLECTUAL PROPERTY RIGHT; ALL SUCH WARRANTIES ARE HEREBY EXPRESSLY
DISCLAIMED. SKYWORKS DOES NOT WARRANT THE ACCURACY OR COMPLETENESS OF THE INFORMATION, TEXT, GRAPHICS OR OTHER ITEMS CONTAINED WITHIN THESE MATERIALS. SKYWORKS
SHALL NOT BE LIABLE FOR ANY DAMAGES, INCLUDING BUT NOT LIMITED TO ANY SPECIAL, INDIRECT, INCIDENTAL, STATUTORY, OR CONSEQUENTIAL DAMAGES, INCLUDING WITHOUT LIMITATION,
LOST REVENUES OR LOST PROFITS THAT MAY RESULT FROM THE USE OF THE MATERIALS OR INFORMATION, WHETHER OR NOT THE RECIPIENT OF MATERIALS HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGE.

Skyworks products are not intended for use in medical, lifesaving or life-sustaining applications, or other equipment in which the failure of the Skyworks products could lead to personal injury,
death, physical or environmental damage. Skyworks customers using or selling Skyworks products for use in such applications do so at their own risk and agree to fully indemnify Skyworks for any
damages resulting from such improper use or sale.

Customers are responsible for their products and applications using Skyworks products, which may deviate from published specifications as a result of design defects, errors, or operation of
products outside of published parameters or design specifications. Customers should include design and operating safeguards to minimize these and other risks. Skyworks assumes no liability for
applications assistance, customer product design, or damage to any equipment resulting from the use of Skyworks products outside of stated published specifications or parameters.

Skyworks and the Skyworks symbol are trademarks or registered trademarks of Skyworks Solutions, Inc., in the United States and other countries. Third-party brands and names are for
identification purposes only, and are the property of their respective owners. Additional information, including relevant terms and conditions, posted at www.skyworksinc.com, are incorporated by
reference.
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