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Radar Recelver Context

» Challenges of the radar receiver :
( IX ant.

IF > ADC > DSP
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Transimpedance Bandwidth  Input Input ref. ICP1 Ipc
Gain impedance noise

1,5 kQ 50 MHz <100 Q < le?2A?/Hz >0,5mA 10 mA




Design Method Strategy

’_________‘

( \
| System ; — %2022
| — — | echnology
= il ! [ Extraction ]
| |
S e /
AR — T~ \ Specs. M
( Topology _T : E
| | T
Io_| —T MWWl H
| |
I\ - *j?_,' Circuit O
. analysis [
Il Device k
SRR Y
T l
l ,




Design Method Strategy

’_________‘

( \
| System ; 1 = %2022
| — — | echnology
N> _JTIA 2 [ Extraction ]
| |
S e /
R — T ™ Specs. M ——
( Topology T \I P £ [ CIFCUI.t ]
l , T analysis
| . R amd ¥
| |
I\ - ;,‘ Circuit O
. analysis |
Il Device k
R Y
T |
'\ ,




Design Method Strategy

’_________‘

( \
| System : 1 = %2022
p— L | echnology
=t il ' [ Extraction ]
| |
S e e /
e et — — ~ Specs. M —
{ Topology T\ - [ Circuit ]
| l T analysis
lo_| —T MWWl H
| |
L v i Circuit  |© [ Design ]
e analysis || (__space
Il Device k
1t
| T |
| ’ v




Design Method Strategy

’_________‘

space

analysis

gl E =HII = Il I I D IS S . -y

( \
| SyStei | — = %2022
| — — | echnology
: Nz - __TiA : [ Extraction ]
N e e /
AR — T~ Specs. M
( Topology T\ - [ Circuit
, : T analysis
| — MWWl
lo—] | H
'\ = "fl?_,' Circuit CD) [ Design

SR 7




i

Ju/

’:

N
-
a
=
S
N

QUEBEC: CITY

I Outline

NEWCAS
%2022
General Context
Inversion Coefficient Model /
Circuit Analysis
. _ B [Techno.]
Design Space Exploration
[ Circuit ]
Post-Layout Simulations
[ Design ]
Conclusion < (75)

S}



Charge based model

* Inversion Coefficient (IC) = measure of
the inversion level in the channel

gl Charge based model

=N I, _____ \ IWI 10_1 _

Ip = IC.Ispec =UCu ] eC_Sq:.:T: : '
B 107
— Bias condition !
< 1073 :
— Technology . |
= 107* )
— Transistor size 10—>] |
|

10-6 WI : MI Sl
e With : Ispec_sq — 2n.unCoxU’Iz‘ 102 101 100 101 102




Small Signal Model

—gm(UC, W, L,techno)

—gas(IC,W,L,techno) AR

Technological parameters (extracted once)
Active

Ispec_sq: Ac
n,o4




Small Signal Model

— gm(IC, W, L, techno)
— gas(UC, W, L, techno)

Active %2022

—Cya(W, L, techno)
—Cys(W, L, techno) Passive
— Cpq(W, L, techno)

Technological parameters (extracted once)
Passive

¢ (gs+gb)sq’ C(gS+gb)z
Cgap Cgasq Coay




Small Signal Model

— gm(IC,W, L, techno) | ASres,
— gas(IC, W, L, techno) Gz

—Cyq(W, L, techno)
—Cys(W, L, techno) Passive
—Cpq(W, L, techno)

—i%p (gm, techno) } Noise

Technological parameters (extracted once)
Noise

a, (short channel)
Yn (long channel)




Small Signal Model

— gm(IC, W, L, techno)
— gas(IC, W, L, techno)

Active %2022

—Cyq(W, L, techno)
—Cys(W, L, techno) Passive
—Cpq(W, L, techno)

—i%p (gm, techno) } Noise

Technological parameters (extracted once) Design parameters
Active Passive Noise W, L (transistor size)
IspecsqpAc  Clgs+ghyse Clgs+gb) %y, (ShOrt channel) IC (blag Clcmglltllon)
n, oy Gty Cer Ty v,, (long channel) S e et




Model Validation

Gate length = 180 nm Gate length = 360 nm
0 : : 0 . . .
10 O gm Simu 10 O gm Simu
— gm model — gm model
—~ 10~2l x Yas Simu | 10721 x 9as simu
&) __ ggqs model — __ ggqs model
< x¥ o -ﬁ"d(
= 107* X 10—+ o '
- < »
S %’
= 107 e 10~ ~
X P
x’{ ‘
1078 . 1 1078 L
1074 1072 109 102 104 102 10° 102
IC IC




Design Method

[ Technology
Extraction

o 2
T Lo sar e Coa Clgsvamy g o

Circuit analysis

|
| ]
(Coestr e |
| ]

PLS




i

Ju/

’:

N
-
a
=
S
N

QUEBEC: CITY

I Outline

NEWCAS
%2022
General Context
Inversion Coefficient Model
Circuit Analysis /
. : B [Techno.]
Design Space Exploration
[ Circuit ]
Post-Layout Simulations
[ Design ]
Conclusion < (75)

10



TIA Topology

» General TIA structure : Shunt-shunt amplifier
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TIA Topology

» General TIA structure : Shunt-shunt amplifier
— Current reuse with Rfb

4’@19 I/ou,t
+ be —
R |
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TR

11



TIA Topology

» General TIA structure : Shunt-shunt amplifier
— Current reuse with Rfb

VDD
— Differential

4"<Mp Vout MZ"7

,3%- T Wﬁ

"Ry//C,
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TIA Topology

» General TIA structure : Shunt-shunt amplifier
— Current reuse with Rfb

VDD
— Differential

Mem “i jﬂ M.,
— Common mode feedback compensation

AE/IP Vout MZ|7
. [Re gl Rep| _
W T W
—{ j i b
e ?RL//CL .
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TIA Circuit Analysis

* Ao = gm,eq-Zout Ag > 1

1
° RIN = RFb' 1+4, RIN K RFb

- +
) RT — _(pr//](l) deq) 1+A RT ~ RFb O_J\I\NV_.

— +
Iin - T T 1 'JWW'—I"m
M M
.2 vrzl - 4kT(yngm eq‘@ Zgut 4|\_>n n<J|7
* lnin=2.,2 — 1 I

Ao i ziw~Few % of total noise T

"R, //C
Xeq:Xn-l-Xp L//L
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TIA Circuit Analysis

I UCy Ly Wo), Gy, (1Cp, Lipy W) .

B Mem “i jﬂ M.
Additionnal

circuit analysis
g R‘l@p Vout MZ"R*
< & + [%rp — ¥ fb] _
Io—J\f\fW-o e—© oT—e oJ\NW——Io
in — == in
Only 3 design variables : 4|L£4n M%J|—
IC,, L, W, T T
tal noise ¥ .
R.//C
Xow = X + X, L//CL
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Exploring the Design Space

 Simulated characteristics vs IC and W:
(D Specs on R,y (< 100 Q) and Ry (> 1,5 kQ): "= 4, > 25 dB

Ay (dB) R;y(02) R+ (2)
10> v - A -
101 \\\ L 700 N .

N < . 60 80 ‘900 \ 50 N 76\00

O D N ~
=~ 100 & \0 \ >~ ~
101 @) \¥ X\éggQ@‘ 79;0 <3

10-2 200 7005 8056090~ %00
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Exploring the Design Space

 Voltage gainvs IC and L :

« A, trade-offs :
@ Target value of min. 25 dB.

200 600 1000




Exploring the Design Space

 Voltage gainvs IC and L :
(@ Limit IC to avoid excessive current consumption.

Iptor(MA) . Ayp(dB)
102 — — 10 T . 0
O 80
101 ;g&&%ﬁ ______ = 10" || !t?_ _______ P
oo - - o _ - —
5 — _ - A0 __—
R = -
L2 _- 20
10_1 P 1 ] 10_1/@>
po2le® 102
200 600 1000 200 600 1000
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Exploring the Design Space

* Voltage gain vs IC and L :

* A, trade-off :

. 102
@ Target value of min. 25 dB.
. . . 10*
Limit IC to avoid excessive current
consumption.
P X 100 |
(3 L high enough to avoid excessive 10-1F %
flicker noise. @
102

200 600 1000
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Exploring the Design Space

* Voltage gain vs IC and L :

* A, trade-off :

. 102 -
(O Target value of min. 25 dB. II%
. . . 101
Limit IC to avoid excessive current
consumption.
P &‘J 109 |
(3 L high enough to avoid excessive 10~ 2
flicker noise. @
. . . 10—2
@ Minimum L to limit size. 200 600 1000
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Exploring the Design Space

 Simulated characteristics vs IC and L :
— Noise comply with the specification.

" Ao(dB)

10! |

vom 10°

80
60 101

X 100 |

1071} 1071
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Spec Sqlﬂ' C gdp C(g5+gb) IZD

e Ay(ICo Ly, ..), Ry (ICy, Ly, ..), ...

e IC, =2,L,, =480nm W,, =1 mm ..
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Post-Layout Simulations

— Typ. 50 °C
— Worst 150 °C

Frequency (Hz) Frequency (Hz)
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Post-Layout Simulations

— Typ. 50 °C
— Worst 150 °C

Iiap
(mA)

1,5 |

I .

— \ |
1 Y \ I /

= =~ | S
“\ “V \I_/
:::::::@t-\ 05k e o - - = .
_..___.\: Speci‘-..:':__‘:@
8 0 —

10° 107 10 106 107 108
Frequency (Hz) Frequency (Hz)
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Post-Layout Simulations

— Typ. 50 °C
— Worst 150 °C

In,in
2
(yA®/Hz)
pr_eE ______ . 100
\ |
7 N e L
—/ —x | . ( ) I 60
““““ 3B R
““““ B ON
10° 107 108 106 107 108
Frequency (Hz) Frequency (Hz)




Model vs Simulations

Model Post-Layout Simulations  Specifications

Ay (dBV) 36 33.8

R (dBQ) 65 65.1 63.5

BW (MHz) N/A 80 50
Ry () 56 74 <100
L,in(yA*. Hz™1) 20 53/17* <100
Ag cm(dBD) 6 6.2 N/A
Vop (V) N/A 1.8 1,8

Ipc (mA) N/A 7.4 10

*@ 1 MHz/@ 10 MHz

21



Design Method
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Conclusion

* TIA designed for automotive radar applications.
 TIA desigh method highlights the topology trade-offs.
* Design method covers all inversion zones.

* Design method can be used to compare topologies or technologies.
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