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Back-Ground

 In this work we prepare an LNA design 

– Prove Agilent flow with TowerJazz ASD PDK

 In order to meet short schedule

– Implement simple single ended LNA matched to 50W both output and 

input

– Do design without package consideration (Assume on chip source and 

loads).

– Not Fully optimize transistor sizes and operating points

– Did  “out of the Characterization Document” OP

– Did not match input for lowest NF

 In This document we describe only simulations in Typical conditions

 TBD:

– Layout

– Momentum

– Comparison Pre/Post Layout results
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Specifications – Typical  (De Facto)
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Parameter Unit Typical Min Max

VDD Volt 3.3 3 3.6

Temp 0C 27 -40 120

Center frequency GHz 24 23.5 24.5

BW GHz 3 2 4

Input Impedance W 50 35 65

Output Impedance W 50 35 55

Power Gain dB 13 12 15

NF dB 5 4.5 5.5

1 dB compression 
(input)

dBm -15 -16 -17

IIP3 dBm -6 -7 -5
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Simulations In Typical Conditions

 Typical Corner, VDD = 3.3V, TEMP = 270C
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LNA – Lumped components schematics
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2.5mA,                     5mA,                 10mA
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DC and SP for 2.5mA LNA
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DC and SP for 5mA LNA
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DC and SP for 10mA LNA
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Current decision

 Lowers Nfmin at 5mA

Degradation at 10mA

– 5mA is considered as max ft OP

Designed full PDK version for 5mA LNA
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5mA LNA with full Pcell components
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DC and SP for LNA with full PDK components
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5mA LNA – two cascoded stages
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LNA with full PDK components – 1 tone
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LNA with full PDK components – 2 tones
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LNA with full PDK components – 2 tones
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Observations

 Input and output are centered at 24GHz

Maximum Gain at 18GHz

– May be due to gm Slope (f0/ft = 24/120 = 1/5)

– 20*Log5 = 14dB. Very close to limit.

– To be proved
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Layout
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Layout Principles

 RF signals

– metal 6

– Clearance area (minimum capacitance to GND)

– As short as possible

 Ground Plan

– Metal 1

– Include a ring of contacts to GND

 Better GND

 Noise Isolation by bulk contacts 

– Ground plan is a “grid” like (metal density)

– Assuming ground plan is part of larger plan

– A ground plan / Supply plan Pcells are required 

 Ground in Metal 1

 Supply in metal 2

 Inductors

– Minimum 30mm clearance between inductors

– Minimum 30mm clearance from Ground plan.

 Ports
– Assuming close proximity of IN / OUT

– If on of the above ports is distant – connect ports with 50W transmission line

– A transmission line Pcell is required
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Layout for Momentum RF extraction
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Layout for Momentum Principles

 Full layout is too big for Momentum

 Layout with mesh preview is presented
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Layout for Momentum Principles

 Simplification needed.

– Metal 1 Ground plan replaced by a solid layer (not grid)

– Metal 2 supply is simplifier

– Contacts to Ground caused failure of momentum calculations (non 

feasible results)

 However, the bulk is defined as ground in Substrate file.

– 450 degrees edges caused a too complicated mesh.

– Limited frequency to 50GHz. Above - simulations became too heavy.

– Inductors where not added
 Usually, RF extraction includes inductors for advanced parasitic extraction.

– Supply Ground
 One port as source

 Second post as circuit feed

23



Tower and Jazz Confidential
Information herein is proprietary and shall not be furnished to third parties or made public

Mesh Controls              Simulation Control
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Schematic and Momentum component
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SP simulation with pre-layout components
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Input Output impedance matching
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Adjusting components to re-tune LNA

 Load capacitor of 0.022 pF was totally removed

– Wire capacitance is compensating.

 Input parallel inductor was reduced from 180pH 

to 140pH

– Additional input capacitance to GND is resonated by a 

smaller inductor .
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Post layout simulation after adjustment
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Input Output impedance matching
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Observation

 It is seen that input impedance is better Noise matched before 

corrections

– Pre layout 

 NF = 5.118 dB 

 S21 = 12.92 dB

– Post  layout Before corrections 

 NF = 4.128 dB 

 S21 = 12.6dB

– Post Layout After adjustment

 NF = 5.07 dB 

 S21 = 12.7 dB

 However, this LNA was not matched for best NF

 Matching is for best S11, S22.

 Post Layout NF is better than pre-layout
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Summary

Disclaimers:

– No Package model

– Partial optimization of OP

– 24GHZ LNA with 5mA, NF = 5.1dB, Pgain = 12.7 dB

– Input inductor final Q adds 0.3dB in NF

 TBDs

– Lvs, Drc

– Demonstration 
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