IDTFO480NBGI
Datasheet
o
Matched Broadband RF VGA 400MHz to 2700MHz
GENERAL DESCRIPTION FEATURES
This document describes the specifications for the e 400 MHz - 2700 MHz
IDTF0480 400 MHz to 2700 MHz RF Digital Variable Gain e < 1 dB overshoot between gain transitions
Amplifier used in receiver, transmitter and other e 13 dB typical max gain
applications. e 23 dB gain range, 1 dB gain step resolution
IDTF0480 RF DVGA provides 13 dB typical maximum E’écisge;i‘tl';r”eei”gl‘; LB OIPS
gain (no attenuation) with 4 dB noise figure and 23 dB o Iec = 10% mA
gain adjustment in 1 dB steps designed to operate X 1CC3 mA standby current
with a single 5 V supply. Nominally, the device offers . S.PI interface Y
+41 dBm output IP3 using 100 mA of Icc. « 50 Q input and output impedance
This device is packaged in a 5x5 32-pin thin QFN with e Broadband, Internally Matched
50 ohm single-ended RF input and RF output e Gain increases vs. frequency to counteract

impedances for ease of integration into the signal-path
lineup.

COMPETITIVE ADVANTAGE

In many applications, digital step attenuators followed
by RF amplifiers are used in the Receive path. The
IDTF0480 RF DVGA provides very high reliability by
combining a silicon Glitch-Free™ DSA & a Zero-
Distortion™ RF amplifier in a single, compact QFN
package. Utilizing IDT’s technology, the resultant RF
VGA provides +41 dBm OIP3 performance across a very
wide bandwidth of 400 MHz to 2700 MHz at
approximately 100 mA of current. Furthermore the
device is internally matched so there is no need to
optimize external matching elements.

APPLICATIONS

Multi-mode, Multi-carrier Receivers
PCS1900 Base Stations
DCS1800 Base Stations

WiMAX and LTE Base Stations
UMTS/WCDMA 3G Base Stations
PHS/PAS Base Stations

Point to Point Infrastructure
Public Safety Infrastructure
Broadband Repeaters

GPS Receivers

Distributed Antenna Systems
Cable Infrastructure

Digital Radio

Glitch-Free™, Zero-Distortion™, RF VGA 1

system board losses
e 5x5 32-pin TQFN package

DEVICE BLOCK DIAGRAM

( N
” l\
RFIN /§/ I// RFOUT
7
BANDsg,
SP1 Decode Bias STBY
Voo Logic Control Vee
2/
7 Ieins
t 1t
Zero-Distortion’ Glitch-Free™
~ y,
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Matched Broadband RF VGA 400MHz to 2700MHz
ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Min Max Units

VCC to GND Vee -0.3 +5.5 \

SPI DATA, SPI CSb, SPI CLK, LogicCTL Viip -0.3 +3.6 \

STBY, Band_Select Ventl -0.3 Ve + 0.25 Vv
R_Biasl Ir1 +1.5 mA
R_Bias2 Ir1 +0.8 mA

RFIN externally applied DC voltage VRFin +1.4 +3.6 \
RFOUT externally applied DC voltage VRFout Ve - 0.15 Ve + 0.15 \"
Egulrr;p;g )F:%/vuentl (RFIN) applied for 24 P, +22 dBm
Continuous Power Dissipation Padiss 1.5 w
Junction Temperature T; 150 °C
Storage Temperature Range Tet -65 150 °C

Lead Temperature (soldering, 10s) 260 °C
ElectroStatic Discharge — HBM Class 2

(JEDEC/ESDA 15-001-2012) (2000 V)

ElectroStatic Discharge — CDM Class C2

(JEDEC 22-C101F) (500 V)

Stresses above those listed above may cause permanent damage to the device. Functional operation of the device at
these or any other conditions above those indicated in the operational section of this specification is not implied.
Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

PACKAGE THERMAL AND MOISTURE CHARACTERISTICS

832 (Junction — Ambient)
B3¢ (Junction — Case) The Case is defined as the exposed paddle
Moisture Sensitivity Rating (Per J-STD-020)

Glitch-Free™, Zero-Distortion™, RF VGA

n

40 °C/W
4 °C/W

MSL1
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Matched Broadband RF VGA 400MHz to 2700MHz

IDTF0480 RECOMMENDED OPERATING CONDITIONS

Parameter Symbo Conditions Min | Typ | Max | Unit
| S
Supply Voltage(s) Vee All VCC pins 4.75 5.25 Vv
g:lf;tmg Temperature Tease Case Temperature -40 +105 °C
RF Freq Range Fre Operating Range 400 2700 MHz
RF Source Impedance Zrr1 Single Ended 50 Q
RF Load Impedance Zrro Single Ended 50 Q

Glitch-Free™. Zero-Distortion™, RF VGA 3 Rev 3, Aeril 2015
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Matched Broadband RF VGA 400MHz to 2700MHz

IDTF0480 SPECIFICATION
See F0480 Typical Application Circuit. Specifications apply when operated as an RF DVGA, Vcc = +5.00 V,
Tc = +25 °C, Max gain setting, output power = 0 dBm, Zrr1 = Zrro = 50 Q, unless otherwise noted.

Parameter Symbol Conditions Min | Typ | Max | Units
Logic Input High VIH JEDEC 3.3V logic 2.0¢ v
Logic Input Low Vi JEDEC 3.3V logic 0.8 \'
Logic Input High Vi1 JEDEC 1.8V logic 1.1 Vv
Logic Input Low Vi JEDEC 1.8V logic 0.63 Vv
STBY, Band_Select -10 +10
Logic Current T, In SPI_ -4 +4 HA
Logic CTL -35 +35
Iccis Low Band Configuration 100
Icc_mB Mid Band Configuration 117 128
Supply Current? - - - mA
Icc e High Band Configuration 109
Icc stBY Standby Mode 1.3 1.7
50% of STBY going low to
Startup time Gain within £ 1 dB with no 250 ns
attenuation.
Gain adjustment range Gab; 23 dB
Gain step Gsrep 1 dB
Max Attenuator Glitch ATTNG ftsengrOm 15to16dBor 16 to 0.5 dB
o)
Gain Settling Time Gst >0% of Csb to + 0.1 dB of 500 ns
settled gain
Serial Clock Speed 10 MHz
i . SPI 3 wire Bus. 50% of CSb
CSb to first serial clock A falling edge to 50% of CLK 10 ns
rising edge .
rising edge.
SPI 3 wire Bus. 50% of CLK
Serial Data Hold Time B rising edge to 50% of Data 10 ns
falling edge.
Final serial clock risin SPI 3 wire Bus. 50% of CLK
9 C rising edge to 50% of CSB 10 ns
edge to CSb .
rising edge.

Note 1: Items in min/max columns in bold italics are Guaranteed by Test.
Note 2: Items in min/max columns that are not bold/italics are Guaranteed by Design Characterization.
Note 3: During standby mode, SPI is to be left ON and previous state shall be maintained when device is powered up.

%h—FreeTM, Zero—DistortionTM, RF VGA 4 Rev 3, Aeril 2015




IDTF0480NBGI
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Matched Broadband RF VGA 400MHz to 2700MHz

IDTF0480 SPECIFICATION - LOWBAND PERFORMANCE

See F0480 Typical Application Circuit. Specifications apply when operated as an RF DVGA, Vcc = +5.00 0V,
Tc= +25 °C, Fre = 900 MHz, Band_Select = LB setting, Max gain setting, output power = 0 dBm,

Zrr1 = Zrro = 50 Q, the evaluation board and connector losses are de-embedded, unless otherwise noted.

Parameter Symbol Conditions Min | Typ | Max | Units
RF input return loss RLin_LB 15 dB
RF output return loss RLout_18 20 dB
Gmax_LB 11.5 12.6 13.4
GmIN_LB Maximum attenuation -11.2 | -10.2 -9.4
Gain Gremp_Ls Variation over Temperature +0.3 dB
Max gain variation over
Gvar LB frequency 0.1
Step Error Gacc_ts Between adjacent states + 0.1 dB
Absolute Error Gnssacc_Ls Relative to maximum gain + 0.2 dB
. Between adjacent states at
Phase deviation GpH_aDI_LB maximum gain 1 Deg
NF.s 3.9
Noise Figure NFLs_mG Tease = +105 °C 4.8 dB
NFLs _rG 22 dB attenuation 25.9
Pout = 0 dBm/Tone,
OIP3.e1 | 1 MHz tone separation 415
Pout = -10 dBm/Tone,
OIP3.82 |4 MKz tone separation 40.5
Output Third Order Pout = 0 dBm/Tone, dBm
Intercept Point OIP3 153 1 MHz tone separation, Worst 39 41

case in the operating
temperature range

Pout = 0 dBm/Tone,
OIP3 186a8 | 1 MHz tone separation with 41
6 dB attenuation

Output 1 dB Power

; OP1dB s 20.6 22.2 dBm
Compression
Output 0.2 dB Power OP0.2dB 15 20 dBm
Compression
Output Saturated Power PSAT s 3 dB compression 22.3 dBm
Reverse Isolation REViso_ts 18 dB

Note 5: Including frequency and ripple variations valid within each individual 3GPP band.

Glitch-Free™. Zero-Distortion™, RF VGA 5 Rev 3, Aeril 2015
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Matched Broadband RF VGA 400MHz to 2700MHz

IDTF0480 SPECIFICATION - MIDBAND PERFORMANCE

See F0480 Typical Application Circuit. Specifications apply when operated as an RF DVGA, Vcc = +5.00 0V,
Tc= +25 °C, Fre = 2000 MHz, Band_Select = HB setting, Max gain setting, output power = 0 dBm,

Zrr1 = Zrro = 50 Q, the evaluation board and connector losses are de-embedded, unless otherwise noted.

Parameter Symbol Conditions Min | Typ | Max | Units
RF input return loss RLin_mB 13 dB
RF output return loss RLout_ms 17 dB
Gmax_ms 11.9 13.1 14.2
GmIN_vB Maximum attenuation -11 -9.9 -8.7
Gain Gremp s | Variation over Temperature +0.3 dB
Max gain variation over
Gvar_MB frequency 0.1
Step Error Gacc_mB Between adjacent states + 0.1 dB
Absolute Error Gresacc_mB | Relative to maximum gain -0.6 | £0.2 + 0.6 dB
. Between adjacent states at
Phase deviation GpH_aDI_MB maximum gain 2 Deg
NFwms 4.5
Noise Figure NFwms_mc Tease = +105 °C 5.5 5.9 dB
NFwms_rG 22 dB attenuation 26.7 28.2
Pout = 0 dBm/Tone,
OIP3ve1 | MHiz tone separation 38 4L.5
Pout = -10 dBm/Tone,
OIP3 M2 | 1 MHz tone separation 42.5
Output Third Order Pout = 0 dBm/Tone, dBm
Intercept Point OIP3 g3 1 MHz tone separation, Worst 39 41.1

case in the operating
temperature range

Pout = 0 dBm/Tone,
OIP3 meeas | 1 MHz tone separation with 41.5
6 dB attenuation

Output 1 dB Power

Compression OP1dB_wms 22.2 dBm
Output 0.2 dB Power OP0.2dB s 18.5 dBm
Compression

Output Saturated Power PSAT ms 3 dB compression 22.7 dBm
Reverse Isolation REViso_ms 18 dB

Glitch-Free™. Zero-Distortion™, RF VGA 6 Rev 3, Aeril 2015
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Matched Broadband RF VGA 400MHz to 2700MHz

IDTF0480 SPECIFICATION - HIGHBAND PERFORMANCE

See F0480 Typical Application Circuit. Specifications apply when operated as an RF DVGA, Vcc = +5.00 0V,
Tc= +25 °C, Fre = 2700 MHz, Band_Select = HB setting, Max gain setting, output power = 0 dBm,

Zrr1 = Zrro = 50 Q, the evaluation board and connector losses are de-embedded, unless otherwise noted.

Parameter Symbol Conditions Min | Typ | Max | Units
RF input return loss RLIN_HB 12 dB
RF output return loss RLout_Hs 15 dB
Gmax_HB 12.2 13.5 14.4
GMIN_HB Maximum attenuation -10.7 -9.5 -8.4
Gain Gremp us | Variation over Temperature +0.3 dB
Guar s If\:lggugea;:gy\s/anatlon over 01
Step Error Gacc_HB Between adjacent states + 0.1 dB
Absolute Error Gassacc_HB Relative to maximum gain + 0.2 dB
Phase deviation GpH_ADI_HB Betvyeen adjqcent states at 3 Deg
maximum gain
NFhs 5
Noise Figure NFue_MG Tease = +105 °C 5.8 dB
NFHB_rG 22 dB attenuation 26.8
OIP3 _e-t Iioﬁlc-iz tgndeB?e/pTaorgfilon 39.2
OIP3s02 | {7 tone separaton 385
Output Third Order Pout = 0 dBm/Tone,
Intercept Point OIP3 155 1 MHz tone separation, Worst | ¢ ¢ 36.7 dBm

case in the operating
temperature range

Pout = 0 dBm/Tone,
OIP3 Hesde | 1 MHz tone separation with 39
6 dB attenuation

Output 1 dB Power

; OP1dB_+B 21.8 dBm
Compression
Output 0.2 dB Power OP0.2dB 18 21.6 dBm
Compression
Output Saturated Power PSAT HB 3 dB compression 22.2 dBm
Reverse Isolation REViso_HB 18 dB

%h—FreeTM, Zero—DistortionTM, RF VGA 7 Rev 3, Aeril 2015
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Matched Broadband RF VGA 400MHz to 2700MHz

SERIAL CONTROL MODE

Data is clocked in LSB first via serial mode. Note the timing diagram below.

Note — The IDTF0480 includes a CLK inhibit feature designed to minimize sensitivity to CLK bus noise
when the device is not being programmed. When CSb is high (> Vi), the CLK input is disabled and serial
data (DATA) is not clocked into the shift register. It is recommended that CSb be pulled high (>Vin) when
the device is not being programmed.

SERIAL REGISTER TIMING DIAGRAM: (Note the Timing Spec Intervals in Blue)

1 2 3 4 5 6 7 8 9
ac L)L) L)L L L
Data Word
Spec Interval A B C

Latched into the

/ Active Register

CSb ¥

Data Word 8 bits

DATA X X ‘ 1dB | 2dB ‘ 4dB | 8dB ‘ 16 dB ‘ X
DO D1 D2 D3 D4 D5 D6 D7
LSB MSB

SERIAL MODE DEFAULT CONDITION:

When the device is first powered up it will default to the Maximum Attenuation setting as described below:

Default Register Settings

DO D1 D2 D3 D4 D5 D6 D7
LSB MSB

Figure 1 - SPI timing diagram & default register settings

Glitch-Free™, Zero-Distortion™, RF VGA 8 Rev 3, Aeril 2015
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FO480 DVGA ATTENUATION WORD TRUTH TABLE (LSB = first in)
The SPI interface should be built up by an 8-bit word (defined as MOSI) where 5 bits are used for attenuation setting
per the example shown below. BOLD indicates bits used for programming the attenuator; data bits 2 through 6.

D7 D6 D5 D4 D3 D2 D1 DO ATTENUATION
(MSB) (LSB) SETTING
X Low Low Low Low Low X X insertion loss
X Low Low Low Low High X X 1dB
X Low Low Low High Low X X 2 dB
X Low Low High Low Low X X 4 dB
X Low High Low Low Low X X 8 dB
X High Low Low Low Low X X 16 dB
X High Low High High Low X X 22 dB
X High Low High High High X X 23 dB (max)
X High High Low Low Low X X 23 dB (max)
X High High Low Low High X X 23 dB (max)
X High High Low High Low X X 23 dB (max)
X High High Low High High X X 23 dB (max)
X High High High Low Low X X 23 dB (max)
X High High High Low High X X 23 dB (max)
X High High High High Low X X 23 dB (max)
X High High High High High X X 23 dB (max)
STANDBY TRUTH TABLE*
PARAMETER LEVEL FUNCTION
0 VOIt:.; or Power On
STBY Open Circuit
+5 Volts Power Off

* Startup/Power on requirements:
SPI shall be left on during Standby mode. When the circuit is initially powered up (+5V applied on pin 12/13), the

default VGA setting should be minimum gain (max attenuation setting). If the attenuator is programmed in Standby
mode, the programmed setting will be active when the device is taken out of Standby mode.

SPI LOGIC LEVEL ConTROL-PIN 11

PARAMETER LEVEL FUNCTION
) 3.3 VOI.tS or 3.3V logic
LogicCTL open Circuit
0 Volts 1.8V logic

Glitch-Free™, Zero-Distortion™, RF VGA
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SUGGESTED C5, R7, AND R8 VALUES FOR OPTIMUM PERFORMANCE (UNLESS OTHERWISE NOTED IN

TOCs)
Icc
Band Freq Range Banc_l Select | R7 R8 C5 (mA
(MHz) Pin 15 (k) | (kQ) | (pF) )
Low-Band 700 - 1100 LB (Open) 2.2 9.1 9 100
Mid-Band 1100 - 2200 HB (GND) 2.4 27 9 117
High-Band 2200 - 2700 HB (GND) 2.67 75 6 109
Broad-Band
(p. 16 TOCs) 400 - 2700 HB (GND) 2.2 20 9 124

TYPICAL OPERATING CONDITIONS

Unless otherwise noted for the TOC graphs, the following conditions apply

Vcc=5.0V

Glitch-Free™, Zero-Distortion™, RF VGA

Pout = 0 dBm / Tone

1 MHz Tone Spacing

Tcase = 35 °C, Tams = 25 °C
ATTN setting = 0 dB (Max Gain)
EVkit losses (traces and connectors) fully de-embedded

10
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TYPICAL OPERATING CONDITIONS [IP3, COMPRESSION] (-1-)

Output IP3 [0 dBm/Tone, 1M Tone Spacing, 0dB ATTN]

Output IP3 (dBm)
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litch-Free™, Zero—DistortionTM, RF VGA
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400MHz to 2700MHz

Output IP3 [0 dBm/Tone, 10M Tone Spacing, 0 dB

ATTN]
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Low-Band " T High-Band
48 1 configuration | Mid-Band C ! Configuration —|
= 44
£
@, Ot
3 0 o - I
- L . S
o 36 ——40C/ 5.25V/ 0dBm/ 10MHz/ 0dB | |
= r ==+-40C/ 5.00V/ 0dBm/ 10MHz/ 0dB | |
832+ -40C/ 4.75V/ 0dBm/ 10MHz/ 0dB
3 F ——35C/ 5.25V/ 0dBm/ 10MHz/ 0B |}
28 ==-35C/ 5.00V/ 0dBm/ 10MHz/ 0dB ||
R S 35C/ 4.75V/ 0dBm/ 10MHz/ 0dB
24 ——105C/ 5.25V/ 0dBm/ 10MHz/ 0dB |-}
F ==-105C/ 5.00V/ 0dBm/ 10MHz/ 0dB | |
20 +—— [ 105C/ 4.75V/ 0dBm/ 10MHz/ 0dB
' S R O R
16 + + + + +—+
0.7 0.9 1.1 1.3 1.5 1.7 1.9 21 23 2.5 2.7

RF Frequency (GHz)

Output IP3 [-7 dBm/Tone, 1M Tone Spacing, 0dB ATTN]

Output IP3 (dBm)

52

48

44

40

36

32

28

24

20

16

I
Low-Band
Configuration

LI I
High-Band
Configuration |

Mid-Band C

——-40C/ 5.25V/
===--40C/ 5.00V/

-7dBm/ 1MHz/ 0dB
-7dBm/ 1MHz/ 0dB |
“““ -40C/ 4.75V/ -7dBm/ 1MHz/ 0dB
——35C/ 5.25V/ -7dBm/ 1MHz/ 0dB l
==-35C/ 5.00V/ -7dBm/ 1MHz/ 0dB I
""" 35C/ 4.75V/ -7dBm/ 1MHz/ 0dB
——105C/ 5.25V/ -7dBm/ 1MHz/ 0dB |}
==-105C/ 5.00V/ -7dBm/ 1MHz/ 0dB |
""" 105C/ 4.75V/ -7dBm/ 1MHz/ 0dB

0.7

0.9

1.1

13 15 17 19 21 23 25
RF Frequency (GHz)

2.7

Phase Compression [900 MHz]

Phase Delta (degrees)

12

e 40degC | 5.25V = o= o40degC / 5.00V oo 40degC | 4TSV

15257 = == =35degC / 5.00V “* 35degC ! 475V

e 105legC / 525V = = =105deqC / 5.00V =+ 105degC / 475V

14

15

16

17 18 19 20
Output Power (dBm)

21

Rev 3, April 2015




IDTFO480NBGI
Datasheet

Matched Broadband RF VGA 400MHz to 2700MHz

TOCs [COMPRESSION, NF] (-2-)
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400MHz to 2700MHz

TOCs [GAIN, S-PARAMS WITHOUT C5, ATTN ERROR] (-3-)

Gain vs. Temperature and Voltage
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S21 (device only) [Tams = 25C, Ve = 5.00 Volts]
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S22 (device only) [Taws = 25C, Ve = 5.00 Volts]

——0d8 ——1d8 ——208 ——3dB ——d4dB ——5d8
——6d8 ——7d8 ——8dB 9B 1008 11d8
-5 1 1208 1348 1408 1508 1608 17d8
1808 1948 2008 21dB 2208 2308
-10
— 15 1
o
Z
o
(l;‘ -20 T
-25 1
-30
=35 1
-40 t t t t t t t t t t !
0.6 0.8 1.0 1.2 14 1.6 1.8 20 22 24 26 28

RF Frequency (GHz)

INL (device only) [Taus = 25C, Vcc = 5.00V]

1.0
—0.7GHz ——09GHz 1.7 GHz
0.8 1 1.9 GHz 2.3 GHz 2.7 GHz
o
z 0.6 1
t
g 044
w
S 02+
2
ﬁ s —
0.0 e
2 RS ——— ||
2
2 02 7
<
2
S -04 7
3
L -0.6 7
<
-0.8
-1.0 + + + + + + + + + + + 1
0 2 4 6 8 10 12 14 16 18 20 22 24

Attenuation Setting (dB)
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TOCs [PHASE ERROR, S-PARAMS WITH C5, STABILITY] (-4-)

Phase Delta (device only) [Tams = 25C, Vcc = 5.00V]

180

160 1

S,, Phase (degrees)
g B B

©
=3
4

60 7

40

——0.7 GHz ——0.9 GHz 1.7 GHz

1.9 GHz 2.3GHz 2.7 GHz

S11 (device+C5 cap) [Tams = 25C, Vcc = 5.00 Volts]

4 6 8 10 12 14 16 18 20 22

Attenuation Setting (dB)

24

===0dB ATTN
===11dB ATTN

23dB ATTN

7~

-35

-40

0.6

S12 (device+C5 cap) [Tams = 25C, Vcc = 5.00 Volts]

0.8

10 12 14 16 18 20 22 24 26
RF Freq (GHz)

2.8

400MHz to 2700MHz

S21 (device+C5 cap) [Tams = 25C, Vcc = 5.00 Volts]

S, (dB)

25

20

===0dB ATTN
===11dB ATTN

23dBATTN

0.

|

6 08 1.0

|

1.2 1.4 1.6 1.8 2.0 2.2 24 2.6 2.8
RF Freq (GHz)

S22 (device+C5 cap) [Taws = 25C, Vcc = 5.00 Volts]

===0dB ATTN
===11dB ATTN

23dB ATTN

./‘//

-35

-40

0.

6 08 1.0

12 14 16 18 20 22 24 26 28
RF Freq (GHz)

Stability v. ATTN [see discusson on p.18]

-5 2.4
—0dB ATTN —3dB
10 ——11dB ATTN 22 —24B
23dB ATTN 2.0
45 1dB
5 1 —o0dB
g 2 k3]
) c 1.6 1
o '8
? .25 2 1.4 4
.-a 1.2 4
-30 g
= 1.0 4
-35 X
0.8 1 25C Ambient / 5.00V / HB Configuration
40 Board losses (traces and connectors) are included
0.6 1
-45 J l J l J | ' ' + ' 1 0.4
06 0.8 1.0 1.2 1.4 1.6 1.8 20 22 24 26 28 ’ 0 1 2 3 4 5 6 7 8 9
RF Freq (GHz) Frequency (GHz)
; ™ ; ian ™™ :
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TOCs [MORE IP3, EVKIT Losses] (-5-)

OIP3 vs. Temperature [2.5 GHz, 5.00V]

Output IP3 (dBm)

50

48

46 A

44 A

42

40 A

38 |

36 A

===1MHz Tone A

==-+10 MHz Tone A

=&=Gain

34

45 60 75 920

-10 5 20 35 50 65 80

Tcase / Tams (degrees C)

OIP3 vs. Output Power [2.5 GHz, Taws = 85C]

Output IP3 (dBm)

60
54

48

42

30

24
18
12

0

36

6

105

95

——IP3-(dBm) ==+IP3+ (dBm)
———IM3-(dBm) = =-IM3+ (dBm) //'
/
= 7
_ -—“}(: S S
T 7 meas
7
L7 ’//
a4
4
Z /]
'
’/
-13 -11 -9 -7 -5 -3 -1 1 3 5

Output Power per Tone (dBm)

OIP3 v. ATTN [2.5 GHz, Taus = 85C, Pout = -5 dBm]

Output IP3 (dBm)

60
54
48

42

36

30
24

18
12

0

6

——IP3-(dBm) ==+IP3+ (dBm)
——IM3-(dBm) = =-IM3+ (dBm)
] e ~—————
—
} —

0 2 4 6 8 10 12 14

Attenuation Setting (dB)

litch-Free™, Zero—DistortionTM, RF VGA

16 18

20

14.6

14.2

13.8

12.2

11.8

1.4

-60
-66
72
-78
-84
-90
-96
-102
-108
114

-120

-60

-66

=72

-78

-84

-90

-96

-102

-108

-114

-120

Gain (dB)

IM3 Power (dBm)

IM3 Power (dBm)

15

400MHz to 2700MHz

OIP3 vs. Tone Spacing [2.5 GHz, 5.00V]

46
=8--30degC Tcase
44 =2=30degC Tcase
—_ ==-105degC Tcase
£ 4
1]
Z
o
[
= 38 B I —]
=
£
=
O 36
34
32
30 T T T T T
1 5 10 15 20 25 30
Tone Spacing (MHz)
EVKit losses [connector and traces] (Rev 02
RO)
0.0
~~--.-_
\\ Ll X e -_~._~..--
0.2 N —— e LY 1O S
\\
—_— .\
0 4 ———
Z
7]
8
-1 -0.6 ==Input+ Output
Board Loss
-0.8 = =Input OR Output
Board Loss
0 L
0.2 0.6 1.0 1.4 1.8 2.2 2.6 3.0 3.4 3.8 4.2
Frequency (GHz)

OIP3 vs. Output Power [2.7 GHz, Af = 1 MHz]

Output IP3 (dBm)

50 -
s ]
40:
35:
30:
2 |
20:

15 |

10 t

—25C/5.00V/0dB ATTN
—-40C/5.00V /0dB ATTN
—105C/5.00V/ 0dB ATTN

5 -4

-3

-2

1 0 1 2 3 4 5 6 7 8 9
Output Power per Tone
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TOCs [BROADBAND CONFIG] (-6-)

OIP3 vs. Tcase & Tone Offset [0 dB ATTN]

52
48
[ By
1 LR L NIRRT LETT X
_. 44 ,”" NPT AN
- > \
E J P S . R N
i = == DN
T4 R TN
I Rt
o 36
= ]
a 32 Broad-Band
5 1 Configuration
O 28 R7 = 2.2K
4 R8 = 20K
C5 = 9pF
24 I —
20 —-40C | 1MHz / 0dB attn == ®.40C/ 5MHz/ 0dB attn =~ ***** -40C / 15MHz / 0dB attn
4 s 35C | 1MHz / 0dB attn = e «35C/ 5MHz/ 0dB attn ~ ***e 35C/ 15MHz / 0dB attn
16 4 | =105C/ 1MHz / 0dB attn == =105C/ 5MHz / 0dB attn =~ *e*** 105C/ 15MHz / 0dB attn | |

04 06 08 10 12 14 16 18 20 22 24 26 28

RF Frequency (GHz)

OIP3 vs. Tcase & Tone Offset [13 dB ATTN]

52
48
-
1 N, TS ETTTTON
I~ —— et \
— 44 AN 2 ™
[3 ] A NS Lo N
o 40 A 1Y e =, \
L) ?'ﬁi!w"' i S N0
1 i TR
[
o 36
= |
o 32 Broad-Band
5 1 Configuration
O 28 R7 = 2.2K
] RS = 20K
C5 = 9pF
24 N —
20 T = -40C | 1MHz / 13dB attn = e ®.40C/ 5MHz/ 13dB attn =~ ***** -40C / 15MHz / 13dB attn
e 35C | 1MHz / 13dB attn == =35C/ 5SMHz/ 13dB attn =~ cecee 35C/ 15MHz / 13dB attn
16 4 | ==105C/ 1MHz / 13dB attn == =105C/ 5MHz / 13dB attn =~ <<+ 105C/ 15MHz / 13dB attn | |
S S P N PO R R R O O B A

RF Frequency (GHz)

Wideband OIP2 [Tavs = 25C, Pout = -10 dBm/Tone]

04 06 08 10 12 14 16 18 20 22 24 26 28

MHz MHz MHz MHz dBm dBm dBm dBm
F, F, |IMD,- IMD,+ IMD,- OIP,- IMD,+ OIP,+
700 1950 | 1250 | 2650 | -71.1 | 51.1 | -69.3 | 49.3
700 1720 | 1020 | 2420 | -70.4 | 50.4 | -69.6 | 49.6
700 2650 | 1950 71.8 | 51.8
824 900 1724 71.5 | 51.5
900 1720 | 820 | 2620 | -70.4 | 50.4 | -70.3 | 50.3
1755 2600 | 845 69.4 | 49.4
1900 2600 | 700 -69.3 | 49.3

litch-Free™, Zero—DistortionTM, RF VGA
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400MHz to 2700MHz

OIP3 vs. Tcase & Tone Offset [10 dB ATTN]

52
48
3 ) S==maTN
=44 A s o
s =
] ey = b N
T 40 Dy N
I eem
o 36
= L
a 32 Broad-Band
s 3 Configuration
O 28 R7 = 2.2K
| R8 = 20K
C5 = 9pF
24 I —
20 = -40C | 1MHz / 10dB attn = e ©.40C/ 5MHz/ 10dB attn ~ ***** -40C/ 15MHz / 10dB attn
s 35C | 1MHz / 10dB attn o= e «35C/ 5MHz/ 10dB attn ~ **e** 35C/ 15MHz / 10dB attn
16 4 | ==105C/ 1MHz / 10dB attn == =105C/ 5MHz / 10dB attn =~ *+e** 105C/ 15MHz / 10dB attn | |
S S S S B DS B R

04 06 08 10 12 14 16 18 20 22 24 26 28

R

F Frequency (GHz)

Gain vs. Tcase & ATTN setting

16
14
] R |
10 -t | w==—-40C/ 1MHz/ 0dB attn === =.40C/ 1MHz/ 10dB attn ~ *****- -40C/ 1MHz/ 13dB attn | |
1 = 35C | 1MHz / 0dB attn === =35C/ 1MHz/ 10dB attn ~ «ese 35C/ 1MHz/ 13dB attn
a 8 T = 105C /| 1MHz / 0dB attn === =105C/ 1MHz / 10dB attn === 105C/ 1MHz / 13dBattn | |
35 ] . . . . .
~ 6 Broad-Band Configuration
.% ] R7 = 2.2K / R8 = 20K / C5 = 9pF
S 4 | — o
1 SsscsssEsss=sscTT
2
0 1 sssaseapet®
-4
04 06 08 10 12 14 16 18 20 22 24 26 28

RF Frequency (GHz)

Wideband OIP2 [Taus = 25C, Pout = 0 dBm/Tone]

MHz
Fy
700
700
700
824
900
1755

1900

MHz MHz MHz dBm dBm dBm dBm
F, |IMD,- IMD,+ IMD,- OIP,- IMD,+ OIP,+
1950 | 1250 | 2650 | -50.9 | 50.9 | -49.2 | 49.2
1720 | 1020 | 2420 | -50.2 | 50.2 | -49.5 | 49.5
2650 | 1950 -51.4 | 51.4
900 1724 -51.2 | 51.2
1720 | 820 | 2620 | -50.0 | 50.0 | -50.2 | 50.2
2600 | 845 -49.0 | 49.0
2600 | 700 48,9 | 48.9
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Matched Broadband RF VGA 400MHz to 2700MHz
TOCs [HiSTOGRAMS] (-7-)
Gain [N = 2107] OIP3 [Freq = 2.0 GHz, N = 2107]
70% 20%
] 900M
oIP3
60% 2000M
50% | =2700M 15% 1
S 40% : S
c T T 10% +
8 30% - S
e 1 &
20%
] 5% 1
10% 1 i ‘ ’
0% T T r T d 0% ' ' | l ‘. lll
11 12 13 14 15 16 37 38 39 40 41 42 43 44 45
Gain Bin (dB) Output IP3 Bin (dBm)
Total Current [MidBand Config, N = 2107] ATTN Accuracy [Freq = 2.0 GHz, N = 2107]
20% T 50% T
6 dB ATTN
Icc
40% 1 23 dB ATTN
15% 1
% % 30% 1
= o 1 [
E o S 20%
8 &
5% 1 10% 1§ ]
0% ! ! ! ! = 1 ‘. ! ’ [.‘ ! ! ! ! . 0% T ! 1 ‘ ' T !
° -0.69 -0.36 -0.12 0.12 0.3¢ 0.60

104 106 108 110 112 114 116 118 120 122 124 126 128 130

Current Draw Bin (mA) Attenuation Accuracy Bin (dB)
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Matched Broadband RF VGA 400MHz to 2700MHz

STABILITY CONSIDERATIONS

The IDTF0480 EVkit is unconditionally stable as shown on page 14, bottom right graph.

One can ensure that the device itself is unconditionally stable (Rollett Stability factor [K] > 1) regardless of trace and
connector losses present in the actual application by adding a shunt 500 ohm resistor at the output. For the HB
configuration , it is also advised to change R8 to 400K and C5 to 4.7 pF.

This 500 ohm shunt load will reduce the gain by about 0.4 dB but leave the rest of the performance parameters such
as IP3, S22, etc. virtually unchanged.

The 500 ohm shunt load will ensure that the device is unconditionally stable WITHOUT the presence of the input and
output traces and connectors associated with the EVkit. In all cases we do recommend that the output capacitor, C5,
be placed as close to the output of the package as possible.

Shunt 500 ohm output resistor with
100 pF DC block to ground. ?Sgg%i?;ﬂﬁ‘; pF

Alternately can be hooked directly to g only Change R8 to 400K

Vi in parallel with RF choke /'nductar (HB config only) 2.0 1 I

[ T R SO

— Sso ’

o ‘ % 12 \‘s‘ < ‘l
Il s e
¥, N\\

0.8 + | =No Load \/
Q ; 0.6 + | = =Shunt 500 ohm Load
U" X ¥ 0"""‘ A - 0.4 l l l
R a - u ? 5 “L 3 . 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0
% 2 ) O\
= Frequency (GHz)

Gain Comparison (25C Ambient) and Output IP3 Comparison (2.7 GHz Frequency)

15 50
14 45
_/
-l’-‘- -
13 e 40
Lemm==r T T 35
E 12 g
o o2
2 - 30
£ 1 [
3 ——No Load 5 25
o 10 - s —No Load 25C ---ShuntLoad 25C
=
O 2 —No Load -40C ---ShuntLoad -40C
9 = =Shunt 500 ohm Load [ |
—No Load 105C ---ShuntLoad 105C
15
8
10
7
0.7 0.9 1.1 1.3 1.5 1.7 1.9 2.1 23 2.5 27 5 t t t t + t + + t + 1
-5 -4 3 2 E] 0 1 2 3 4 5 6
Frequency (GHz) Output Power / Tone (dBm)
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IDTF0480NBGI
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1]
Matched Broadband RF VGA 400MHz to 2700MHz
PACKAGE DRAWING
(5MM x 5MM 32-PIN TQFN), USE ExposeD PAD (EPAD) OPTION P1
2
[S]ooa]C - —A- [GFFe@ICIALE]
£x =
INDEX AREA = 25 32
mW UUuuuuuuy
24 [ 1
g 00.35—/ g
B g g 2 [BFFFOLAR]
) -
) -
I 17 D e |
ossres T | TIMMANNONO(T | L
[aoa]C w‘l ‘ ‘ 9 |
X
E . -

TOP VIEW
% DIMENSION
S TMN | NOM | MAX
L 0.30 | 0.40 | 0.50
D 5.00 BSC
E 5.00 BSC
e 0.50 BSC
A 0.70 | 0.75 | 0.80
Al 0.00 | 0.02 | 0.05
b .20 25 .30
aag 0.10
bbb 0.10
cce 0.10
ddd 0.05
eee 0.08
fff 0.10

Glitch-Free™, Zero-Distortion™, RF VGA

[ B

BOTTOM VIEW

h = | |

—

SIDE VIEW
FPAD OPTION
SYMBOL P P2

MIN | NOM |MAX | MIN | NOM | MAX
E2 |3.00]3.10)3.20(3.10|3.30|3.40
D2 | 3.00)3.10]3.20|3.10| 3.50|3.40

NOTES:

ALL DIMENSIONING AND TOLERANCING CONFORM TO ANSI Y14.5M—1982
ALL DIMENSIONS ARE IN MILLIMETERS.
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LAND PATTERN DIMENSION

5.75
4.05 ‘
B -———085
HINININENINAN
JUUUuuuy UL
), ] l
| (Ncos ca—L
) (i ,
— (@i
575 4.05 E% 20 + (::|
) (@i
) o0
I__)_hl 3.20 | ]
AOANANNON s
HIEINNI I i
030—-| ‘-— —-—‘ |-—u 50
EPAD 3.1 mm SQ
NOTES:

DTt =

FOR SURFAC

Glitch-Free™, Zero-Distortion™, RF VGA

ALL DIMENSION ARE IN mm. ANGLES IN DEGREES.
TOFP DOWN VIEW. AS VIEWED ON PCB.

COMPONENT QUTLINE SHOW FOR REFERENCE IN GREEN.
LAND PATTERN IN BLUE. NSMO PATTERN ASSUMED.
LAND PATTERN RECOMMENDATION PER IPC-7351B GENERIC REQUIREMENT

MOUNT DESIGN AND LAND PATTERN.

Rev 3, April 2015




IDTF0480NBGI
Datasheet
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PIN DIAGRAM

pd pd pd z z z z z

O (@] @) O O O (@] (@]

°
NC 1 ) ( 24 INC
GND 2 ) ( 23 JGND
RFIN 3 ) ( 22 | RFOUT
GND 4 ) IDTF0480 ( 21 | GND
Exposed pad (GND)

NC 5 ) ( 20 | R_Bias2
NC 6 ) (__19 | R _Biast
NC 7 ) ( 18 J GND
SPI Data 8 ) ( 17 | STBY

SRR

SPI CLK
SPICSb
LogicCTL
VCC
VCC
GND
GND
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Matched Broadband RF VGA 400MHz to 2700MHz

PIN DESCRIPTION

Pin Name Function
L5 6, 7, 24 No Connection. Not internally connected. OK to connect to VCC. OK to
25, 26, 27, 28, N.C. : y : .

29, 30, 31, 32 connect to GND.

2,4, 14, 16, 18,
21, 23

GND Ground these pins.

RF input internally matched to 50 Q. Must use external DC block as close
to the pin as possible.

Data input: 3.3V or 1.8V CMOS compatible. Set LogicCTL pin 11 for
desired logic voltage.

Clock input: 3.3V or 1.8V CMOS compatible. Set LogicCTL pin 11 for
desired logic voltage.

Chip Select input: 3.3V or 1.8V CMOS compatible. Set LogicCTL pin 11 for
desired logic voltage. Active LOW shifts data.

LogicCTL > Vi or Open Circuit sets 3.3V logic for SPI pins 8, 9, and 10.
LogicCTL < Vi sets 1.8V logic for SPI pins 8, 9, and 10. A ~100Kohm

pull-up resistor connects between the input and Vcc/2. For 1.8V logic,
connect 0 Q resistor to GND.

3 RFIN

8 SPI Datat

9 SPI CLK!

10 SPI CSb?

11 LogicCTL

5 V Power Supply. Tie to VCC and connect 2 bypass capacitors with
12 VCC values 1000 pf (closest to pin) and 0.1 yF. See Typical Application Circuit
for details.

5V Power Supply. Tie to VCC and connect 2 bypass capacitors with
13 VCC values 1000 pf (closest to pin) and 0.1 pF. See Typical Application Circuit
for details.

Leave pin open circuited for lowband select and connect 0 Q resistor to
15 Band_Select GND for highband select. A ~1.5Mohm pull-up resistor connects between
the input and VCC. 3.3V and 1.8V CMOS logic compatible.

Standby (Low/Open = device power ON, High = device power OFF with
17 STBY SPI still powered ON). A ~1Mohm pull-down resistor connects between
the input and GND. 3.3V and 1.8V CMOS logic compatible

Connect external resistor to GND to optimize amplifier bias. Used in

19 R _Biasl conjunction with pin 20.
. Connect external resistor to GND to optimize amplifier bias. Used in
20 R_Bias2 . . . )
conjunction with pin 19.
22 RFOUT RF output. Must use external DC block as close to the pin as possible.
Exposed Pad. Internally connected to GND. Solder this exposed pad to a
33 —EP PCB pad that uses multiple ground vias to provide heat transfer out of

the device into the PCB ground planes. These multiple via grounds are
also required to achieve the noted RF performance.

1. The SPI interface should be built up by an 8-bit word where 5 bits are used for attenuation setting (see
F0480 DVGA Attenuation word truth table above).

GI_itch—FreeT"", Zero—DistortionTM, RF VGA 22 Rev 3, Aeril 2015
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Datasheet
Matched Broadband RF VGA

400MHz to 2700MHz
EVKIT PICTURE

nOOOOCO

ADOOOONDODDOOOCOG OOCHHEY

o ) o 0 o 0

Bénd Conﬁguration EIeents
C5,R7, R8

See p.10, p.25 for values for

F0480" EVK
REVJE,

=Ty : [“imR8 .
~ -rﬂ oot r| J‘ T’S o-.U??
";U‘\ ;\{37 e ko

T LT e
Qa5 Re

c a3 U TRy
G’QWLO.;QJ - T 0

¢

o

B STBY jumper
open = device ON
placed = device OFF

Glitch-Free™, Zero-Distortion™, RF VGA
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Matched Broadband RF VGA 400MHz to 2700MHz

EVKIT / APPLICATIONS CIRCUIT

- NT ﬁT DT c»T ooT r»T wT .oT
o o) o) (] o~ ('] o™~ o™~ o
[ o4 - (o] (3] [15] [t w o
Z (o8] o) [op] o™ o™ o4 o™ o
® (@] (@] Q Q [@] [@] (@] Q
s Z Z Z Z s Z Z
=Nt N4 24 RF Out
RF In 5 -
I——%{GND GND [=%— - =
1 c3 c5 o
¢ : I 21 REIN Ut RFoUT 22 I 1
o J6
= i——{6ND F0480 aND 21—
RS
=2ING2 rRBIAS2 2 ———I 0 1Pg
6 19 R7 ‘
—NC3 R_BIAS1 —T:jj:“' .
c4
= =T inca aND 8
R9
8 Spi_DTA steY PL ! E 2 VCC
R1 N
1 L
« o b ? Standby
O O o= o [}
e 0 0o o Z2 Q0
o o O O O Z =L Z
[ T)] | = = (0] m 0]
R3 o of o of o 3 9 ¢
L =
T Band Select
032: C35| C36
R4 1] L 1 @ 2
ca3| 1| L =
. :_[ c34| ca7
Logic Select = Sl nmal J7 4 vee
nter—— 1| T o |
= = L —| C3
1 i T
- P3IO—— |—OTP4 J8 D
o™
GND
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o
Matched Broadband RF VGA 400MHz to 2700MHz
EVKIT / APPLICATIONS CIRCUIT (CONT)
EVKiT BOM
Item | PartReference | QTY DESCRIPTION Mfr. Part # Mfr.
#
1 | LB Mode - CAP CER 9PF 50V COG (0402) GRM1555C1H9R0DZ01D
) cs 1 | MB Mode - CAP CER 9PF 50V COG (0402) GRM1555C1H9RODZ01D Murata
1 | HB Mode - CAP CER 6PF 50V COG (0402) GRM1555C1H6RODZ01D
1 | BB Mode - CAP CER 9PF 50V COG (0402) GRM1555C1H9R0DZ01D
2 C4, C32, C33 3 | CAP CER 2PF 50V COG (0402) GRM1555C1H2R0BA01D Murata
3 c3 1 | CAP CER 47PF 50V COG (0402) GRM1555C1H4701Z01D Murata
4 €35, C36 2 | CAP CER 1000PF 50V COG (0402) GRM1555C1H102JA01D Murata
5 C34, C37 2 | CAP CER 0.1UF 16V 10% X7R (0402) GRM155R71C104KA88D Murata
6 C31 1 | CAP CER 10UF 6.3V X5R 0603 GRM188R60J106ME47D Murata
7 R6, R9 2 | RES 0.0 OHM 1/10W (0402) SMD ERJ-2GEOR0OX Panasonic
8 RS 1 | RES 20 OHM 1/10W 1% (0402) SMD ERJ-2RKF20R0X Panasonic
9 R1, R3, R4 3 | RES 4700 OHM 1/10W 5% (0402) SMD ERJ-2GEJ472X Panasonic
1 | LB Mode - RES 2.2 KOHM 1/10W (0402) SMD ERJ-2RKF2201X
1 | MB Mode - RES 2.4 KOHM 1/10W (0402) SMD ERJ-2RKF2401X _
10 R7 Panasonic
1 | HB Mode - RES 2.67 KOHM 1/10W (0402) SMD | ERJ-2RKF2671X
1 | BB Mode - RES 2.2 KOHM 1/10W (0402) SMD ERJ-2RKF2201X
1 | LB Mode - RES 9.1 KOHM 1/10W (0402) SMD ERJ-2RKF9101X
1 | MB Mode - RES 27 KOHM 1/10W (0402) SMD ERJ-2RKF2702X _
11 R8 Panasonic
1 | HB Mode - RES 75 KOHM 1/10W (0402) SMD ERJ-2RKF7502X
1 | BB Mode - RES 20 KOHM 1/10W (0402) SMD ERJ-2RKF2002X
12 J1, 36, 17 3 SMA_END_LAUNCH (small) 142-0711-821 Emerson Johnson
13 | 13,14,35,18 4 | CONN HEADER VERT SGL 2POS GOLD 961102-6404-AR 3M
14 |12 1 | CONN HEADER VERT SGL 4POS GOLD 961104-6404-AR 3M
15 u1 1 | RFAMp F0480 IDT
16 1 | Printed Circuit Board F0480 EVKIT SBC
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IDTF0480NBGI
Datasheet

Matched Broadband RF VGA 400MHz to 2700MHz

APPLICATIONS INFORMATION

IDTF0480 has been optimized for use in high performance RF applications from 700 MHz to 2700 MHz.
Power Supplies

A common VCC power supply should be used for all pins requiring DC power. All supply pins should be
bypassed with external capacitors to minimize noise and fast transients. Supply noise can degrade noise
figure and fast transients can trigger ESD clamps and cause them to fail. Supply voltage change or transients
should have a slew rate smaller than 1V/20uS. In addition, all control pins should remain at 0V (+/-0.3V)
while the supply voltage ramps or while it returns to zero.

Control Pin Interface

If control signal integrity is a concern and clean signals cannot be guaranteed due to overshoot, undershoot,
ringing, etc., the following circuit at the input of each control pin is recommended. This applies to SPI and
control pins 8, 9, 10, 11, 15, and 17 as shown below. Note the recommended resistor and capacitor values do
not necessarily match the EV kit BOM for the case of poor control signal integrity. For multiple devices driven
by a single control line, the component values will need to be adjusted accordingly so as not to overload the

control line
°
[ 1) (24 ]
[ 2 ) (23]
[ 3 ) (22|
4 ) IDTF0480 21
Exposed pad (GND)
5 (2|
[ 6 (19 ]
7 (18 |
Kohm 5Kohm
SPI Data 8 ) ¢ 17 STBY
2pr Ipr
@ @ @ @ @ @ @ @
5Kohm
5Kohm
SPICLK 2pf Band_Select
T 291
5Kohm = 5Kohm 37:
SPI CSb—W\V 1 i vW— LogicCTL
*T ™
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IDTFO480NBGI
Datasheet

Matched Broadband RF VGA 400MHz to 2700MHz

ToP MARKINGS

|_ Part Number

SONBG }/ Assembler

8ONBGI

— Code
214066« |

asm |

Test / \
| Date Code [YYWW]

® QERCO1427MY (Week 6 of 2014)

|

Lot Number
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