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G0205620: Microwave Integrated Circuits

Lecture 4 — Monolithic Microwave Integrated Circuits

= Review of Semiconductor Physics

Semiconductor materials, heterojunction and HEMT.

=  MMIC Manufacturing Technology

MMIC manufacturing process, foundry service.

= MMIC Design Technology

Modeling and Process design kit, simulation and design software.

= MMIC Measurement

Probe station, probes, calibration, automatic measurement.
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Review of Semiconductor Physics

= Monolithic Microwave Integrated Circuits (MMIC)

MMIC is a type of microwave integrated circuit that integrates active and passive circuits in single
semiconductor substrate. These devices typically perform functions such as microwave mixing,

power amplification, low-noise amplification, and high-frequency switching.

GaAs Substrate { Passive (Bias) ]

Passive (RF Pad)

Active (FET)

Passive (Hybrid) ]

[ Passive (DC Pad) ]




Review of Semiconductor Physics

= Semiconductor and variable conductivity
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Semiconductors in their natural state are poor conductors because a current requires the flow of

electrons, and semiconductors have their valence bands filled, preventing the entry flow of new

electrons.

Aluminum Sodium

2.7 uQecm 4.7 nQecm

Silicon

~ 1012 pQecm

IL

E =8eV

Silicon dioxide

> 1020 uQecm

Metal

semiconductor

Insulator

< Conduction Band

< Valence Band
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Review of Semiconductor Physics

= Semiconductor and variable conductivity

There are several developed techniques that allow semiconducting materials to behave like

conducting materials, such as doping or gating.
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Review of Semiconductor Physics

m Semiconductor materials

G3
Parameters
Bandgap (eV) 1.12 1.42 1.35 3.4 3.2
Breakdown (MV/cm) 0.38 0.42 0.5 3 9 3
Therm Cond (W/cmek) 1.4 0. 45 0. 68 3 4.5
Sat Velocity (107cm/s) 0.7 2.1 2.3 2.1 0.2
Mobi I ity (cm?/vs) 1500 8500 5400 2000 1500
Dielectric Const 11.8 12.8 8 14 10
Working Temp (°C) 200 350 300 600 800
Rad Resistance (rad) 104 )\ 100 100 /\ e 1010 /
-
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Review of Semiconductor Physics

s Heterojunction and HEMT

Heterojunctions occur when two differently doped semiconducting materials are joined together.

A High-electron-mobility transistor (HEMT) is a field-effect transistor incorporating a junction
between two materials with different band gaps (i.e. a heterojunction) as the channel instead of a

doped region (as is generally the case for MESFET).
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MMIC Manufacturing Technology

= Substrate material growth

Single-crystal substrate growth techniques:

Liquid-Encapsulated Czochralski (LEC) and Vertical Gradient Freeze (VGF)

T Ingot slowly pulled from molten GaAs

(days or weeks) Furnace =———p
Molten GaA 1260
olten GaAs A
GaAs ingot or boule [ !
Quartz ampoule £ :
|
|
1
Crucible — ] Temperature
gradient
B,0, ;
Single-crystal > I
GaAs 1
|
|
GaAs melt Seed crystal 1
1,200°C

LEC VGF
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s Creating an active layer

There are three ways to make the semiconductor conducting on the wafer surface:

EPITAXY LAYER

A

GaAs SUBSTRATE |

Analyzer magnet Resolving aperture
Magnetic focusing quadrapole
Wafers
—_ I
N ®
Aperture  Electrostatic A —l
deflector ‘
Drift chamber

“Ion source - ~ S ~ 2

Lens magnet Acceleration

column
. . . Metal—-organic chemical vapor
lon implantation Molecular beam epitaxy (MBE) o
deposition (MOCVD)




MMIC Manufacturing Technology

Photolithography

OHMIC CONTACT (CO)

Ohmic Contact

Etch process Lift-off process

Resist
-
<«— Metal \‘

I I

4—— Resist ~a

Metal

4____._-—-—-Meta|-—._________>

[ RECESSED GATE (GR) |

PASSIVATION NITRIDE

Gate Contact & Passivation

Ohmic metal Mesa Gate contact

S'P0pee Fiodpol

||

Top interconnect metal Polyimide

CAPACITOR BOTTOM ELECTRODE (N1) I

TaN RESISTOR (RM)

TIWSI RESISTOR
(RHRW)

First & Resistive Metals

Gates First interconnect metal




MMIC Manufacturing Technology

= Photolithography

THICK RESIST(PEL)

DIELECTRIC OPENING (DPC)

DIELECTRIC LAYER

Dielectric Layers

Top-level

Polyimide dielectric interconnect metal

Hole in polyimide Lower interconnect
dielectric metal under polyimide

AIR-BRIDGE (EL)

GOLD PLATING METAL (EL) |
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DICING STREET
VIA-HOLE (TR)

Top Metal & Air Bridge

Thru—sub Via & Back Metal
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MMIC Manufacturing Technology

= Typical MMIC process layers

A, Silicon Nitride Passivation

g o = Interconnect Metallisation

L= s s 53 & 3% Polyimide
/ ' — \ Nichrome
_ Silicon Nitride Dielectric
HBT Process F20 MESFET Process H40 HEMT Process
First level interconnect E-beam gate
/ ﬂdi@r contact / / ﬂ_ﬁﬁ Dh\ \‘A*ﬁi ﬁ\
/ ; / Gate & First level interconnect First level interconnect
/ / Ohmic metallisation Ohmic metallization
Emitter contact / \ \ \
/ / lon implanted active layer MBE active layer
MOCVD active layer

-
Lz = .-‘ Through Gads via

S ...




MMIC Manufacturing Technology

s Foundry Services (GaAs/GaN)
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MMIC Manufacturing Technology

= Foundry Services (GaAs/GaN)

United Monolithic
Semiconductors

1GHz 2GHz 5GHz 10GHz 20GHz  50GHz  100GHz

>

3 | IERE HEMT GaN (0.25pm)
it‘: PH25 Low Noise pHEMT (0.25um)
(£}

PH15 Very Low Noise pHEMT  (0.15um)
PH10 Very Low Noise High Gain pHEMT  (0.1um)

PPH25 Power pHEMT (0.25um)
PPH25X High Power pHEMT (0.25um)
PPH15X High Power pHEMT (0.15um)

HB20M VCO InGaP HBT

HPO7 MesFet (0.7um)

BES 100 Schottky Diode Technology

>

ULRC is a low-cost pure passive
process on GaAs including:

* MIM capacitors

* Inductors

* Metallic resistors

* Via holes

It allows passive design:
* Couplers

* Filters

* RF matching circuit

& Y
* 0.25,0.15, 0.10pm GaAs pHEMT

* 2pm HBT technology

* 0.7pm MESFET

* Schottky technology

* 0.25pm HEMT GaN on SiC




MMIC Manufacturing Technology

= Foundry Services (GaAs/GaN)

United Monolithic
Semiconductors
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Process PH25 PH15 PH10 PPH25 PPH25X PPH15X
Low Noise Low Noise Low Noise Power High Power High Power
Adtive device HEMT pHEMT pHEMT pHEMT pHEMT pHEMT pHEMT HBT MESFET Schotky
m 4.5W/mm 250mW/mm 300mW/mm 250mW/mm 700mW/mm 900mW/mm 800mW/mm 2W/mm 400mW/mm
Gate Length 0.25ym 0.25ym 0.15pm 0.Tpm 0.25ym 0.25 ym 0.15pm Emil‘li’:"\‘vi dh 0.7pm Tym
Ids (gm max) 750mA/mm 200mA/mm 220mA/mm 280mA/mm 200mA/mm 170mA/mm 350mA/mm 300mA/mm
Ids sat/k 1000mA/mm 500mA/mm 550mA/mm 500mA/mm 450mA/mm 575mA/mm 0.3mA/pm? 450mA/mm
>100V > 6V > 4.5V > 5V > 12V > 18Y > 12V > 14V > 14y <-5Y
Cut off freq. 30GHz 90GHz 110GHz 130GHz 50GHz 45GHz 70GHz 30GHz 15GHz 3THz
Vpinch 3.4V -0.8v 07V 0.45v -0.9v 0.9V -0.95v -40V
Gm max / f 300mS/mm 560mS/mm 640mS/mm 750mS/mm 450mS/mm 400mS/mm 480mS/mm 60 110mS/mm
1.8d8/11d8 0.6dB / 1348 0.5d8 / 1448 2.3d8 / 4.548 0.6 / 1248 1.84B / 4d8
Noise / Gain @15GH: @10GHz @10GHz @70GHz @10GHz @40GH:z
248 / 8dB 1.9d8 / 6B
@40GHz @60GHz




MMIC Design Technology

= MMIC design procedure

ADS Desktop DRC /
Calibre | Assura |
mailDRC

Models & Enhanced

ADS Desktop

LVS | Calibre
3D Planar
EM Design
& Verification Mask
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Schematic/
Circuit Design

Hardware Validation /

Optimization, Connected Selutions
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Desi
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Performance DUT Board
X-Parameters Verification

Non-linear Behaviorial
Modeling




MMIC Design Technology

= MMIC design software

Cadence

Layout, LVS and DRC Check
Circuit-Level Simulation

ADS

Circuit-Level and EM Simulation
Layout, DRC Check
Ansoft HFSS

EM-Level Simulation
AWR Microwave Office

Circuit-Level and EM Simulation
Layout, DRGC Check
|C—-CAP

Model | ing Software

i Siuio. Logh Pain “Fseble i Neslges -Msoslhae
PAEHALR QLR C

DR uRsgEES 0P S UWI R
BRPB IR N INEHEEZEIGREG

@
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= Modeling and Process Design Kit (PDK)

Passive device modeling (linear)

EAR o
1
m Ao
== Ci=—=
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MMIC Design Technology
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= Modeling and Process Design Kit (PDK)

Active device modeling (non-linear)

Operating Curve

Cutput
Operating Signal
Point

Source Drain
Gate

| Ad | '
R Rd bs s Vnsm=l' Ves - Ve
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! sg” 0
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VES Ve i Channel off Viar<V,, VDS - ; s > =
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MMIC Design Technology

= Modeling and Process Design Kit (PDK)

Modeling techniques

Source Drain
Gate

-

€ Analytical Model

€ Numerical Model

€ Empirical Model

\_

\

Intrinsic Region

Time

1980 Curtice

1987 Staz

1990 MeCamant et al.

1991 Root

1992 Angelov

1993 EESCF

1997 Parker, Cojacoru
1996-1997 Rolain, Wei
1997- Wei

1997- Schreurs
1999-5miths
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Model Remarkable Contribution

Curtice Model

otaz Model

TOM

Foot Model

Chalmers Model
EEFET/EEHEMT

Farker Model/Corbra Model
Black-box Models

Enhanced
TOMACDM Models

Black-box Modeling
TOM=

First Empirical Model

20 Capacitance Model
Negative DC Conductance
First Table-based Model
Continuity to High Crders
RF Current Added
Continuity to High Crders
General Device Modeling
Dispersion Handled Better

Time-domain




MMIC Design Technology

= Modeling and Process Design Kit (PDK)

Modeling techniques — Empirical model

Source
Gate

Intrinsic Region

Drain

Training

initialize
weights

recogntion

The recognized
results

Ids /mA

Cys /PF

| @ Negativeobjects (y=-1) @ Positive objects (y=+1) |

GeneY

Feature space

Ingut space

Gaussiankernel
° R
Ca® ¥ osy

Vas/V
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MMIC Design Technology
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= Circuit Design (Amplifier)

Amplifier is the generic term used to describe a smal Inpu Amplification Stage Large: Output
'gna Lin r ™ Lout 'gn
circuit which increases its input signal, but not all N | Output °
T\Jr Gain (&) = Trout ij_t
pu
amplifiers are the same as they are classified ° N ) -

according to their circuit configurations and

methods of operation.

The difference between the input and output (" Amplifier Roury |
signals is known as the Gain of the amplifier and is : I
Signal | R Gain . Signal
basically a measure of how much an amplifier nput | T ™) | Oupu

“amplifies” the input signal. o
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MMIC Design Technology

= Circuit Design (Amplifier)

A general amplifier block diagram:

it) | ———— - SO N N [ 4
L Z, + Input i Output Vo(l)
\ Matching : \ Matching :
: Network ! - Network Lio(t)
___________ P,
Z
The active
component \V4

Input and output voltage relation of the amplifier
can be modeled simply as:

v, (1)=apvi(r)+ azvi2(1)+ a3vi3 (()+H.OT.
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MMIC Design Technology

= Circuit Design (Amplifier)

Amplifier Classification

According to signal level:
— Small-signal Amplifier.
— Power/Large-signal Amplifier.

According to D.C. biasing scheme of the active component:

Amplifier Classes Efficiency
— Class A. 4 — Class D. A {10 Bl "0
5%
— Class B. — Class E. 50%
Switch-Mode Amplifiers yoo
— Class AB. — Class F.
0%
— Class C. . , , ,
\ / 360° 270° 180° 90° 0°

2m (m) Conduction Angle (0)
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= Circuit Design (Amplifier)

Amplifier Classification (Small Signal v.s. Large Signal Operation)

Usually non-sinusoidal waveform

v, () =lav, (1) a,v 2(t)+a v () H.OT. h Pﬁ h WW hhh /
Large signal
Small-signal

/ t 1T
A Sinusoidal waveform




MMIC Design Technology

= Circuit Design (Amplifier)
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Amplifier Classification (according to D.C. biasing scheme of the active component)

Operating Curve

Operating
Point

-

+Vee
N\ N
O— Vout
AV
o} + O Ov

Operating Curve

Unused

Aea N owput [\
Signal

Input |
Signal 8

‘©

Unused

Operating Curve

Y

f\/ ¥ N | Unused oy
Small Area
© Bias © Vout h
¥ D, N/
{) . | [ Bias
I Input |
?R ISignal
© + o Ov I |
Parallel +\ee
Resic:r;ﬁir:ce Operating Curve
C .I__ L
—0 Vout
/\/ Area CQutput Signal
) less than 180°
AIA
Re ; T
o o v

]
Input : %
Signal |
|
. /
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MMIC Design Technology
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= Circuit Design (Amplifier)

Typical Microwave Amplifier Characteristics

Intermodulation distortion. (Related to Linearity)

. Third order intercept point (TOI).

« 1. Power Gain.
- 2. Bandwidth (operating frequency range). mportant to small-signal
» 3. Noise Figure. > amplifier
* 4. Phase response.
« 5. Gain compression.
« 6. Dynamic range. % Important parameters of
- 7. Harmonic distortion. large-signal amplifier
8.
9
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MMIC Design Technology

= Circuit Design (Amplifier)

Power Gain & Bandwidth

I:)inl—:> Po |:>
Zs ] O P
. utput Power
— G =10lo dB
| glO( Input Power j P dBm
Zin =R
Assume that the input impedance R [=R
e L|=
to the amplifier is transformed to » PdBmf o o
R at the operating frequency 2
v, (t)= apv;(r) == For small-signal %7
operation
1, 2,212 P, dBm P, dBm

2RVo =91 ZpMi

P 2 p
=rp=dr iy
Power gain

= P, /ImW =g Z(p /1mw)
¢ n \\ ™~ Slope of 1 Unit
=10-log(P, /1mw) +10 log(P,, /1mW

2 o
= P, dBm=10- 1og( a; )+ PmdBm 1010 (al , . P, dBm
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MMIC Design Technology

= Circuit Design (Amplifier)

Noise Figure

* The amplifier also introduces noise into the output in
addition to the noise from the environment.
» Assuming small-signal operation.

e

_|— Noise Figure (F)= SNR. /SNR,,
A v N « Since SNR,, is always larger
than SNR,_, F > 1 for an Z
amplifier which contribute noise.
SNR: » More will be said about this
Signal to Noise later in small-signal amplifier V4
Rati '
e SEEIGT Larger SNR,,;




MMIC Design Technology

= Circuit Design (Amplifier)

Phase Response

+ Phase consideration is important for amplifier working with wideband
signals.

« For a signal to be amplified with no distortion, 2 requirements are
needed (from linear systems theory).

— 1. The magnitude of the power gain transfer function must be a
constant with respect to frequency f.

— 2. The phase of the power gain transfer function must be a linear

function of f. H(w)| Magnitude response
1 rnpon (related to power
- Or .
Vi) Network Vato) Z galn)
H(o) <« | Bode
—_ . Plot
8() i COA/

}%w)—m—w(wxei@(w) \ Phase response

Transfer function

> (M

Gy ¢33

UNIVERSITY OF ELECTHONIC SCENCE AND TECHNOLOGY OF CHINA

N

A linear phase produces a constant time delay for all signal
frequencies, and a nonlinear phase shift produces different time delay
to different frequencies.

Property (1) means that all frequency components will be amplified by
similar amount, property (2) implies that all frequency components will
be delayed by similar amount.

V(0 0@ Linear 6(©) Nonlinear
phase response phase response
. 4
. " :
Valt) V(1)
A 2-Port
V., (t V,(t Sty

v Network A0 Z_.L / \

H(o) fo
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MMIC Design Technology a.

= Circuit Design (Amplifier)
Dynamic Range and Gain Compression

= Input and output at same frequency
out

(dBm), NWWW‘PM D Pout M”,”Wm ldeal amplifier

— Gain compression 14 \/ Device
30
occurs here \ P Burn
20 — ",r’ out
10 ¥ 25 1 |
Saturation
0 — Linear Region |
10 — ' | Nonlinear
20 _|{ Dynamic range (DR) " | Region

U B ¥"  Power gain G, =

E Pout(dBm) - Pin(dBm)

. =-30-(-43)=13dB 1dB compression
| Point (P, 14s)

Noise Floor |
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= Circuit Design (Amplifier)
Harmonic Distortion

Harmonics generation reduces the gain of the amplifier, as some of the output power at the fundamental
frequency is shifted to higher harmonics. This result in gain compression.

/ When the input driving signal is Y When the input driyipg signal is \
JAVAVATAVAVAYAYAY small, the amplifier is linear. too large, the amplifier becomes
Harmonic components are nonlinear. Harmonics are
\ almost non-existent. \ introduced at the output.
S D— / “ TD— /
R | ] MR
t . L I t 4

f > f
‘ ' 4 0 f, i2f 3f 4f I Z 0 f Zf] 3f, 4f,

f | f ’
1 %7 - harmonics 1 armomcs
~7 Small-signal T O
E operation
: region
: > Pin




MMIC Design Technology

= Circuit Design (Amplifier)

Intermodulation Distortion (IMD)

v (t)=ayv,(t)+a, v t)+a, v +H OT-— ignored

v Y \IE ATy gy VT
N H ) vi (1)
|7 f, f, " \
Operating bandwidth Vol /Usua”y specified
of the amplifier indB
Two signals v;, v, with similar ? I I I t I I t
amplitude, frequencies f; and f, —— “ // o // ” i
near each other fi-fs \ ! 1\ 3, T \‘fz
W20 264f, e g
2f-f, 21, 2 o 2f+
More will be said about These are unwanted components, caused by
this later in large signal the term ov3(t), which falls in the operating
amplifier design bandwidth of the amplifier.
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MMIC Design Technology

= Circuit Design (Amplifier)

Small Signal Amplifier Design Flow

Define | Sclect Ly Design d.c.
« Center frequency f, active component biasing circuit
« Power gain Gy *
* Noise figure F
« Source/load impedance ﬁ Get S-parameters
« Bandwidth
- VSWR Stability analysis and
stabilization Some graphical tools used:
» Constant Gp, circles
‘ » Constant F circles
Design input and output * Constant G, circles
Tuning and | g i f i . C_onstant VSWR/mismatch
Optimization mpedance transformation L_,I e e
Networks with Smith Charts
: Large-signal l
: analysis: Check Gy, noise figure |Satisfied _
. Gain compression |~ VSWR, bandwidth Prototyping

. TOl . Satisfied
: Efficiency :
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MMIC Design Technology

= Circuit Design (Amplifier)

Two-port network analysis

ZS
Zs Amplifier o
+ + + +
V S |4
v, 7 IIUU‘I—’ - <JUU] i 2 V4
5 B ‘L
: T =] o e T
2 basic source- . ‘ . . -
Approximate 47 load networks s in out L

_ Linearcircuit § 7 4

Power deliveredtoload _ P

Power Gain G p=

Input power to Amp. P

w
N
n

Availableload Power Py,

I
! =) P AvailablePower Gain G4 = -
|:> SN Z, Ao ‘ 7, AvailableInput power Py
P. | | Power delivered toload  Pp,
PRo

Transducer Gain Gy = . =
%7 f Available Input power Py

The effective power gain

'U
73




MMIC Design Technology

= Circuit Design (Amplifier)

Conjugate Matching: theory of maximum power transfer

I Time averaged power dissipated across
load Z;:
Zs | L PL :%RC{VLIL }
where Vv, = V.Z, 7 = Vv,
_ Z | v, L=Zz+z, L™ Z+z,
Z, =R + jX,
Zp =Ry +jXy P :%Re{i‘:‘fz '(zj‘sz )‘}:%Re ZVlZZLz}
Basic source-load network —p =t &
2 (R+R, P+(X,+x, )

oP, 0P,

w® =x, =0 ’

We find that the value for R and X,
that would maximize P is
R =R, X =-X..

In other words: Z, = Z,

Letting

P =P (R..X])

To maximize power transfer to the load

impedance, Z;, must be the complex
‘ conjugate of Z,, a notion known as

Conjugate Matched.

ZL = ZS*

Z +Z

$ 34 K K F
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Under conjugate match condition:

| 2

Vs
PL(max) = 8R;

Available
= P)
A Power

Under non-conjugate match condition:

2
p < p - PR
L 8R, A eflect

or p = PA(l—\FL\z)

We can consider the load power P, to
consist of the available power P, minus
the reflected power P gqoct-




MMIC Design Technology

O esnure
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= Circuit Design (Amplifier)

|/0 matching and series feedback

INDUCTIVE 1 Sz 5 = 2
[ l [ ]
__.""f“f"\’\_| D_'_’W ]
> )
| =L > >
\ g == < 6 <
| — N , j =
short —==._lopen __J
circuit SERIES L SFI{LIHTL . __.._-f_ — circuit

SHUNT C

/
SERIESC .
s

/

?-,____ R

CAPACITIVE




MMIC Design Technology

= Circuit Design (Amplifier)

Stability design

Feedback B
varies with frequency

G<B

!
Gain G

@ Gain < Backward isolation;

€ Single-stage gain < 10dB.

UNIVERSITY OF ELECTHONKC SCENCE AND TECHNOLOGY OF CHINA

g Y i ) - ]

K
2|S125)|

Series inductive feedback

Drain stabilization resistor

T I
Gate _-91 \
stabilization __E

resistor Series inductive feedback

Stabilizing resistors




MMIC Design Technology

= Circuit Design (Amplifier)

Example:

Process PH25 PH15 PPH25 PPH15 HB20P HPO7
Low Noise Low Noise Power Power Power Power
pHEMT pHEMT pHEMT pHEMT HBT MESFET
\ 250 mW/mm | 300 mW/mm | 700 mW/mm 3500 mW/mm | 400mW/mm
Frequency: 2~2.5GHz Density
. . Gate Length 0.25 ym 0.15 ym 0.25 pym 0.15 ym 2 pm
Noise Figure: <1dB Emitter width
Gain: >20dB

los (@M max) 200 mA/mm 220 mA/mm 200 mA/mm 300 mA/mm 0.3 mA/pm?
ws sardcHBT 500 mA/mm 550 mA/mm 500 mA/mm 600 mA/mm
Power Vi IVos > BV > 12V > 8V > 16V

. (Anode/
consumption: 5V/55mA Cathode

P—1: >10dbm / Cut off freq 90 GHz 110 GHz 50 GHz 5 GHz 25 GHz 15 GHz 3 THz

Schottky

0.7 ym

300 mA/mm
450 mA/mm

> 14V < -5V

“emen | oev | orv | oev | oeov |- [ sov |-

Noise / Gain | 0.6dB/13dB | 0.5dB/14dB | 0.6dB/12dB 1.6dB/7dB
@10GHz @10GHz @10GHz @40GHz
2dB / 8dB 1.9dB / 6dB
@40GHz @60GHz
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Example:
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w eell 1 WIN_PP25 2K DESIGH IIT GH_ETT=HIN_PP2S- O FHOMENPPZS_21MWIN PP2S_2X DESIGH KIT converted(l. -
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Process Control Monitoring RF On—Wafer Measurement

(PCM) (RFOW)
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MMIC Measurement

= Early On-Wafer-Measurement

50 Q microstrip
transmission line bond housing

microstrip

wires taan 3 \
launcher /"[ ridge-mounted |
/ ‘ MMIC under test =7
50 Q coaxial /
'

Z
cable/connector v%(ﬁ\

i r o

to the
VNA t ‘
coaxial calibration

VNA reference plane

50 Q) flange-mounted
coaxial connector

chip carrier

chip carrier
high permittivity ground plane
chip carrier
substrate




MMIC Measurement

Probe Station

Network Analyzer

RFOW Probes

Wafer

Wafer chunk

Micromanipulators
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MMIC Measurement

Probe and Calibration

2. De-embedding

~—

Thru
Thru delay: 1.0 ps
Length: 220 um

Impedance: 50 Ohm

(Nominal)

Note: Thru and
Venfication line
lengths ar: signal

conductor ed ge-io-
ed ge dimension.

Short

Recommended

Owvertravel:

ACP
T5-125 um

Infinity
50-75 um

Load

Precision
50 Ohm Load

Mate: Ensure the
bias supply is turned
off during
calibration. Applying
bias to the probe
during calibration
could cause the
resistance of the load
o change.

DC accuracy:
H-03%

Mate: For aptimum
calibration accuracy
only the Red -
marked load
standards should be
used.

Verification Lines

ps um
3 450
7 900
14 1800
e 3500
40 5250

I— i  —
I i —

Open
{On Substrate)

S ke

130 um
Alignment Marks

Nate: By defaul,
an Open i
synthesized by
raising the probes
in air 2 minimum
distance of 250 mm
above the chuck
surface. A
Substrate Open
structure is also
provided as an
altemnative.
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= Automatic Measurement

=

,
[ Alignment Tools ]

[ Probe Placement ] [ Visual Reference Points ]
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Appendix
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