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TX Digital VGA  

1400 MHz to 2300 MHz  

F1455  

Datasheet  

   

Description  

The F1455 is a High Gain / High Linearity 1400 MHz to 2300 MHz 
TX Digital Variable Gain Amplifier used in transmitter applications. 

The F1455 TX DVGA provides 32.8 dB maximum gain with 
+38.5 dBm OIP3 and 3.9 dB noise figure.  Up to 29.5 dB gain 
control is achieved using the combination of a digital step 
attenuator (DSA) and a KLIN

TM RF Digital Gain Amplifier.  This 
device uses a single 5 V supply and 220 mA of ICC. 

This device is packaged in a 6 mm x 6 mm, 28-pin QFN with 50 ɋ 
single-ended RF input and RF output impedances for ease of 
integration into the signal-path. 

Competitive Advantage  

In typical Base Stations, RF VGAs are used in the TX traffic paths 
to drive the transmit power amplifier.  The F1455 TX DVGA offers 
very high reliability due to its construction from a monolithic silicon 
die in a QFN package.  The F1455 is configured to provide an 
optimum balance of noise and linearity performance consisting of 
a KLIN

TM RF amplifier, digital step attenuator (DSA) and a PA driver 
amplifier.  The KLIN

TM amplifier maintains the OIP3 and output P1dB 
performance over an extended attenuation range when compared 
to competitive devices. 

Typical Applications  

Á Multi-mode, Multi-carrier Transmitters 

Á PCS1900 Base Stations 

Á DCS1800 Base Stations 

Á WiMAX and LTE Base Stations 

Á UMTS/WCDMA 3G Base Stations 

Á PHS/PAS Base Stations 

Á Public Safety Infrastructure 

 

Features  

Á Broadband 1400 MHz to 2300 MHz 

Á 32.8 dB max gain 

Á 3.9 dB NF @ max gain (2000 MHz) 

Á 29.5 dB total gain control range, 0.5 dB step 

Á < 2 dB overshoot between gain transitions  

Á Maintains flat +23 dBm OP1dB for more than 13 dB gain 
adjustment range 

Á Maintains flat +38.5 dBm OIP3 for more than 15 dB gain 
adjustment range 

Á SPI interface for DSA control 

Á Single 5 V supply voltage 

Á ICC = 220 mA 

Á Up to +105 °C TCASE operating temperature 

Á 50 ɋ input and output impedance 

Á Standby mode for power savings 

Á Pin compatible with 700 MHz and 2700 MHz versions 

Á 6 mm x 6 mm, 28-pin QFN package 

Block Diagram  

Figure 1 . Block Diagram  
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Pin Assignments  

Figure 2 . Pin Assignments for 6 mm x 6 mm x  0. 9  mm QFN Package ð Top View  
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Pin Descriptions  

Table 1 . Pin Descriptions  

Number Name Description 

1 CSb Chip Select Input: 1.8 V or 3.3 V logic compatible. 

2 DATA Data Input: 1.8 V or 3.3 V logic compatible. 

3 CLK Clock Input: 1.8 V or 3.3 V logic compatible. 

4 [a] RSET Connect 1.74 kɋ external resistor to GND to set amplifier bias. 

5, 7, 15, 17, 
21, 23, 27 

GND Pins internally tied to exposed paddle.  Connect to ground on PCB. 

6 RFIN RF input internally matched to 50 ɋ.  Must use external DC block. 

8, 9, 10, 11, 
12, 13, 18, 
19, 20, 22, 
24, 25, 26 

NC 
No internal connection.  These pins can be left unconnected, voltage applied, or connected to ground 
(recommended). 

14 /STBY 
Standby pin.  With Logic Low applied to this pin or with this pin left open, the amplifier is powered off 
with the SPI still powered on.  With Logic High applied to this pin the part is in full operation mode. 

16 RFOUT RF output internally matched to 50 ɋ.  Must use external DC block. 

28 VCC 5 V Power Supply.  Connect to Vcc and use bypass capacitors as close to the pin as possible.  

 ð EP 
Exposed Pad.  Internally connected to GND.  Solder this exposed pad to a PCB pad that uses multiple 
ground vias to provide heat transfer out of the device into the PCB ground planes.  These multiple 
ground vias are also required to achieve the noted RF performance. 

a. External resistor on pin 4 used to optimize the overall device for DC current and linearity performance across the entire 
frequency band. 
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Absolute Maximum Ratings  

Stresses above those listed below 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.  

Table 2 . Absolute Maximum Ratings  

Parameter Symbol Minimum Maximum Units 

Vcc to GND VCC -0.5 5.5 V 

DATA, CSb, CLK, /STBY VCntrl -0.5 VCC V 

RSET IRSET  +1.5 mA 

RFIN externally applied DC voltage VRFIN +1.4 +3.6 V 

RFOUT externally applied DC voltage VRFOUT VCC - 0.15 VCC + 0.15 V 

RF Input Power (RFIN) applied for 24 hours max. [a] Pmax_in  +12 dBm 

RF Output Power (RFOUT) present for 24 hours 
maximum [a] 

Pmax_out  +26 dBm 

Continuous Power Dissipation Pdiss  1.75 W 

Junction Temperature Tj  150 °C 

Storage Temperature Range Tst -65 150 °C 

Lead Temperature (soldering, 10s)   260 °C 

ElectroStatic Discharge ï HBM 
(JEDEC/ESDA JS-001-2012) 

  
2000 

(Class 2) 
V 

ElectroStatic Discharge ï CDM 
(JEDEC 22-C101F) 

  
1000 

(Class C3) 
V 

a. Exposure to these maximum RF levels can result in significantly higher Icc current draw due to 
overdriving the amplifier stages. 
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Recommended Operating Conditions  

Table 3 . Recommended Operating Conditions  

Parameter Symbol Condition Minimum Typical Maximum Units 

Power Supply Voltage VCC  4.75  5.25 V 

Operating Temperature Range TCASE Exposed Paddle -40  +105 °C 

RF Frequency Range FRF  1400  2300 MHz 

Maximum Operating Average RF 
Output Power 

 ZS = ZL = 50 W   14 dBm 

RFIN Port Impedance ZRFI Single Ended  50  W 

RFOUT Port Impedance ZRFO Single Ended  50  W 
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Electrical Characteristics - General  

See Typical Application Circuit.  Unless otherwise stated, specifications apply when operated as a TX VGA, VCC = +5.0 V, FRF = 1.88 GHz, 

TCASE = +25 °C, /STBY = High, ZS = ZL = 50 W, maximum gain setting. 

Table 4 . Electrical Characteristics  

Parameter Symbol Condition Minimum Typical Maximum Units 

Logic Input High Threshold VIH JEDEC 1.8V or 3.3V logic 1.1 [a]  VCC V 

Logic Input Low Threshold VIL JEDEC 1.8V or 3.3V logic -0.3  0.8 V 

Logic Current 
IIH, IIL SPI -1  +1 

µA 
ISTBY /STBY -10  +10 

DC Current ICC   220 250 mA 

Standby Current ICC_STBY /STBY = Low  1 2 mA 

Standby Switching Time TSTBY 
50% /STBY control to within 
0.2 dB of the on state final 
gain value 

 250  ns 

Gain Step GSTEP Least Significant Bit  0.5  dB 

Maximum Attenuator Glitching ATTNG Any state to state transition  2  dB 

Maximum Step Error (DNL) 
[Over Recommended Supply 
Voltage Range, Operating 
Temperature Range, All Attenuation 
States ] 

ERRORSTEP 

FRF = 1.40 GHz -0.47  +0.33 

dB 

FRF = 1.70 GHz -0.38  +0.28 

FRF = 1.88 GHz -0.30  +0.28 

FRF = 2.00 GHz -0.27  +0.25 

FRF = 2.10 GHz -0.26  +0.23 

FRF = 2.30 GHz -0.20  +0.32 

Maximum Absolute Error (INL) ERRORABS   0.8  dB 

Gain Settling Time [c] GST 50% of CSb to 10% / 90% RF  200  ns 

SPI [d] 

Serial Clock Speed FCLOCK    25 MHz 

CSb to CLK Setup Time TLS  5   ns 

CLK to Data Hold Time TH  5   ns 

CSb Trigger to CLK Setup Time TLC  5   ns 

a. Items in min/max columns in bold italics are Guaranteed by Test. 
b. Items in min/max columns that are not bold/italics are Guaranteed by Design Characterization. 
c. Excludes SPI write time. 
d. SPI 3 wire bus (refer to serial Control Mode Timing diagram). 
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Electrical Characteristics - RF 

See Typical Application Circuit.  Unless otherwise stated, specifications apply when operated as a TX VGA, VCC = +5.0 V, FRF = 1.88 GHz, 

TCASE = +25 °C, /STBY = High, ZS = ZL = 50 W, maximum gain setting.  Evaluation Kit trace and connector losses are de-embedded. 

Table 5 . Electrical Characteristics  

Parameter Symbol Condition Minimum Typical Maximum Units 

RF Input Return Loss RLRFIN   15  dB 

RF Output Return Loss RLRFOUT   13  dB 

Gain - Max Gain Setting GMAX  31.0 [a] 32.8 34.6 dB 

Gain - Min Gain Setting GMIN Max attenuation 1.0 2.8 4.6 dB 

Gain Flatness GFLAT FRF = 1800 MHz to 2200 MHz  0.7 [c]  dB 

Noise Figure NF 

0 dB attenuation  3.9  

dB 
10 dB attenuation  6.8  

20 dB attenuation  13.4  

29.5 dB attenuation  22.6  

Output Third Order Intercept Point OIP3 

0 dB attenuation 
Pout = +7 dBm / tone 
5 MHz tone separation 

 38.5  

dBm 

6 dB attenuation 
Pin = -21 dBm / tone 
5 MHz tone separation 

 38.3  

10 dB attenuation 
Pin = -21 dBm / tone 
5 MHz tone separation 

35 38  

20 dB attenuation 
Pin = -21 dBm / tone 
5 MHz tone separation 

 33.6  

29.5 dB attenuation 
Pin = -21 dBm / tone 
5 MHz tone separation 

 23  

Output 1dB Compression Point OP1dB 

0 dB attenuation   23.4  

dBm 
0 dB attenuation,  
TCASE = +105 °C 

 22.8  

6 dB attenuation  21.5 23.3  

a. Items in min/max columns in bold italics are Guaranteed by Test. 
b. Items in min/max columns that are not bold/italics are Guaranteed by Design Characterization. 
c. Includes a positive slope feature over the noted RF range to compensate for typical system roll-off. 
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Thermal Characteristics  

Table 6 . Package Thermal Characteristics  

Parameter Symbol Value Units 

Junction to Ambient Thermal Resistance. ɗJA 40 °C/W 

Junction to Case Thermal Resistance.  
(Case is defined as the exposed paddle) 

ɗJC 4 °C/W 

Moisture Sensitivity Rating (Per J-STD-020)  MSL 1  

 

Typical Operating Conditions (TOC)  

Unless otherwise stated the typical operating graphs were measured under the following conditions: 

Á Vcc = 5.0 V 

Á ZL = ZS = 50 Ohms Single Ended 

Á FRF = 1.88 GHz 

Á TCASE = +25 °C 

Á /STBY = High 

Á 5 MHz Tone Spacing 

Á Gain setting = Maximum Gain 

Á All temperatures are referenced to the exposed paddle 

Á ACLR measurements used with a Basic LTE FDD Downlink 20 MHz TM1.2 Test signal 

Á EVM measurements used with a Basic LTE FDD Downlink 20 MHz TM3.1 Test signal 

Á Note TN1:  Atten ̸  4 dB Fixed Pout = 7 dBm per waveform or per tone, Atten > 4 dB Fixed Pin = -21 dBm per waveform or per tone 

Á Note TN2:  Atten ̸  7 dB Fixed Pout = 10.5 dBm per waveform or per tone, Atten > 7 dB Fixed Pin = -14.5 dBm per waveform or per tone 

Á Evaluation Kit traces and connector losses are de-embedded 
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Typical Performance Characteristics  

Figure 3 . Maximum Gain vs. Freq  over Temp  

and Voltage  [Attn = 0.0 dB]  

 Figure 4 . Reverse Isolation vs. Freq  over Temp  

and Voltage  [Attn = 0.0 dB]  

 

 

 
Figure 5 . Input Return Loss vs. Freq  over 

Temp  and Voltage  [Attn = 0.0 dB]  

 Figure 6 . Output Return Loss vs. Freq  over 

Temp . and Voltage  [Attn = 0.0 dB]  

 

 

 
Figure 7 . Stability vs. Freq  over Temp  and 

Voltage  [Attn = 0.0 dB]  

 Figure 8 . EvKit Insertion Loss vs. Freq  over 

Temp  
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Typical Performance Characteristics  

Figure 9 . Gain vs. Freq  [+25 °C, All States ]   Figure 10 . Gain vs. Atten  over Temp  and 

Voltage  [1.88 GHz]  

 

 

 
Figure 11 . Worse Ca se Attenuator  Absolute 

Accuracy  vs. Freq  [All parameters ]  

 Figure 12 . Attenuator Absolu te Accuracy vs. 

Atten over Temp  and Voltage  [1.88 GHz]  

 

 

 
Figure 13 . Worse Case Step Accuracy  vs. Freq  

[All parameters ]  

 Figure 14 . Step Accuracy vs. Atten  over Temp  

and Voltage  [1.88 GHz]  
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Typical Performance Characteristics  

Figure 15 . Input Return Loss vs. Freq  [+25 °C, 

All states ]  

 Figure 16 . Input Return Loss vs. Atten  over 

Temp  and Voltage  [1.88 GHz]  

 

 

 
Figure 17 . Output Return Loss vs. Freq  [+25 °C, 

All states ]  

 Figure 18 . Output Return Loss vs. Atten  over 

Temp  and Voltage  [1.88 GHz]  

 

 

 
Figure 19 . Reverse Isolation vs. Freq  [+25 °C, 

All states ]  

 Figure 20 . Reverse Isolation vs. Atten  ov er Freq  

[+25 °C]  
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