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Octave scripts for calculating

Verilog-A compact Post Simulation Data Extraction
circuit and model parameters [/ = T (5] ¢ and Visualization Tools
> Qucs-S - built-in: [1]
_ y 0 p € nVAF [2] 1. Data extraction - nutmeg scripts,
_L+ cap_cmim _T_ cap_rfcmi 2. Data file format converter.
:vtj(i?gu T I=7.0u "buw- I=7.0u pspngs103va..osdi 2. Data visualization:
Eozey ¥ WM e P et Tabular, Cartiesian; 3D-Cartesian;
S i SRS Polar; Smith Chart; Admittance,
"l")_” i 9_I"TK__ e Ques-5  Ngspice subcircuit to IHP Polar-Smith; Smith-Polar;
l} 1=0.34u I} T 045u Verilog-A module synthesizer [6] Open-Access Locus Curve
ng_ Sg1 392 130nm 3. S parameter viewer
i Octave functions: [7
P 7@' Passes software initialisation BICMOS PDK 1 < bulloin: 7]
details to Ngspice [3] L cacaigaa
QP”BG ap”?Gz Data extraction and
rl iy OGRS g rk}'“a”cap .spiceinit format conversion;
m=1 w=7.0u >
1=0.3u 2. User defined:
Nx=1 QU cs-S Qucs-S synthesised Data extraction;
Ngspice netlist Data visualization functions.
Vi > Ngspice \ Output
Board it
> [ [4] sets
A Extracted GDL netlist
NAND : Extract GDL [Only CHIP components] Layout
Example Qucs-S IHP "User library" schematic Test bench — netlist tools —>
symbols [these generate Ngspice netlist code companenks i;(fwe=testsz TAPE-OUT
that links a circuit to the IHP sg13g2 130nm ) ""”idt' = z'Ip openEIVIS
BICMOS PDK] =epiRat L <
icons ¢ two port S parameter (8] Spiral inductance
data file (xxx.s2p) layout data
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FALINICH LN

L] L] L] - E-1l1 =SEFPTEMBER ‘|‘
Constructing User Defined Subcircuits ==gEnc
=
Subcircuit Body Qucs-S |INCLUDE SCRIPT 104u 1040
s i i INCLSCR1
Schematic Subcircuit e
R tati Sym bol PARAM mc_ok =1.0 . Y0Rur T 102”:
ep resentation .LIB cornerMOShv.lib mos_tt 5 %
Pin1 Pout1 = -
Num=1 Num=2 - ot 100u
5 I=100 uA
nin1 nout1 - | i
sg13_hv_nmosi sg13_hv_nmos2 lJl 00 1‘k 10K
w={w1} w={w2} R1Q
I={l1} I={12} 35 35
ninout] | Pinoutt "
= ! 3t 13
¥ o=
—_— @ 8= L |-
OR CM_hv_nMOS subcircuit 1~ £ £2° 258,
121 wil=1u
- ; CM_hv_nMOS_subcircuit 1 i=tu 2+ =2
Ngspice Script wi=1y g
: n=1u 2=ty 15 | 1.5
Representation w2=1u 00 k] 10k
i . ot dc simulation
in2 'out2 : .
Num=4 ? ? Num=5 swil.res-sweep | swl.i(pr1) | swl.i(pr2) swilwv(nl) | swi.v(n2)
ol p el 100 00001 | 0.000103138 | 19532 | 3.2897
1.2e3 0.0001 0.000102884 | 1.9531 3.1765
|_Ij_iﬂ0ut1 Parameter 2.3e3 0.0001 0.000102664 | 1.9531 3.0639
INCLUDE SCRIPT 8 Pinout2 sweep 3.4e3 0.0001 0.000102449 | 1.9531 | 2.9517
SICERCR' Num=6 T 4.5e3 0.0001 | 0.000102234 [ 1.9531 | 2.8399
SpiceCode=* Basic 2 nMOS Iv current mirror. Sim=DC1 %083 20001 HEOW| s | 1ohal e
%1 nin1 ninl ninout! ninout1 sg13_lv_nmos w={w1} I={11} ng={ng} m={m} as={as} ad={ad} pd={pd} Type=log 6.7e3 0.0001 0.000101787 | 1.9531 | 2,618
+ ps={ps} trise=(trise} 21={z1} 22={22} wmin={wmin} rfmode={rfmode} pre_layout={pre_layout} mlist={mlist} Param=R1 7.8e3 0.0001 0.000101548 | 1.9531 2.5079
* Start=100 8.9e3 0.0001 0.000101295 | 1.9531 2.3985
¥2 noutl nin1 ninout1 ninout1 sq13_lv_nmos w={w2} I={I12} ng={ng} m={m} as={as} ad={ad} pd={pd} Stop=10k led 0.0001 0.000101025 | 1.9531 2.2897
+ ps={ps} trise={trise} z1={z1} z2={z2} wmin={wmin} rfmode={rfmode} pre_layout={pre_layout} mlist={mlist} Points=10
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Building an RLCG Inductance Library: 1==g55G"

O Assumptions: 1. Transverse Electromagnetic (TEM) mode propagation;
2. Quasi-static behaviour (where the field distribution remains constant
over one segment length); 3. Uniform distributed pararmeters (R, L, C and
G) remain constant per length.

O High frequency effects (the above are no longer true):1. Wavelength A is
similar to inductor physical dimensions: to achieve good performance the RLCG
length << A/20; at f = 40GHz, A = 7 mm, implying that five segments are a
reasonable starting approximation; 2. Parasitic physical effects become dominant;
both the skin and proximity effects are frequency dependent; 3. ElectroMagnetic
effects are significant, for example radiation, eddy current loss and capacitive
coupling: radiation effects are not implemented in standard RLCG inductance
models.
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Building an RLCG Inductance Library: 2 ==s5z= 0"

C iiRG
@ I o

Inductance resonance frequency Fg (Hz)
and Q factor are specified as model

parameters.

) .‘..‘“

Here, XL=211 - FR/Q, Rg = X /Q, and C=1/(21t FR)2L).

Also, R=R4+Rgl (f/fo)”2 + K, - f/fg), where f is a reference

frequency (that is often set to the same, or lower, value as Fg and f is the
signal frequency in Hertz. These frequency terms represent conductor skin

effect and the inductance proximity effect respectively. In this basic inductance
model dielectric loss is given by RG =1/G = 1/[ 2rt - f - C - tandelta].

Practical Frequency Limits of RLCG Inductance Models

Frequency (GHz)

DC - 10

10 - 40

40 - 80

80 - 120
> 40

Model Accuracy

Excellent

Very good =3 segments
Good with =5 segments
Moderate: just usable
Use EM simulation

Notes

Lumped component or RLCG OK;
Segment-level tuning required;
Substrate and skin effects increase;
Only Near the self-resonant frequency;
Fails to capture radiation etc.
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Building an RLCG Inductance Library: 3 ==2&z=

RF_L_seqgl_1
1seq Fr=50G
i Q=12
&1 RLCG [® L=100p
2 K1=0
f0=50G
tanDelta=0
Rdc=0.1
RF_L seg3 1
3 seg Fr=50G
) . Q=2
& RLCG 2 L=100p
Ki1=0
f0=50G
tanDelta=0
Rdc=0.1
RF_L seg5_1
5 seq Fr=50G
Q=12
§ L=100p
Ki1=0
f0=50G
tanDelta=0
Rdc=0.1

R='Rdc+ RO™{( (sqrt(hertz/f0) +Ik1 *(hertz/fQ)) )’ i INCLUDE SCRIPT

[nin - n1j L=iLseg} jRaut

4

| INCLSCR4
;i SpiceCode=* Basic RLC inductor modal

B4 5 PARAM pi = 3.14159265359
N C={Cseq} Numez  ‘PARAM XL = {2*pi*Fr+i}
P11 .PARAM RO = {XL/Q}
Num=3 _PARAM Cseg = {1/(L*(2*pi*Fr)*(2*pi*Fr)j}

R="1/(1e-12+ 2*pi*hertz*Cseg*tanDelta) '

.PARAM Lseg = {L}

R="Rdc+ROseg*{ (sqrt(hertz/f0) +k1*(hertz/f0)) )’

R="Rdc+R0seqg*( sqrt{hertz/fD) +k1*(hertz/f0)) ) '

L={L. nz| |3 L={L
_m_‘_‘ °{ seqt n3 o{ seg}

P13
Num=4 C={Cseg} T

C=(Cseq) T

R='Rdc+R0seg*( 1e-12+(sqrt(hertz/f0) +k1*{hertz/f0)) ) '

n4 ns | L:{Lseg}

|,INCLUDE SCRIPT

INCLSCRS

[nout
: .PARAM nseg = 3

C={Cseg} T

Num=6 PARAM RO = {XL/Q}

o

R="1/{1e-12+ 2*pi*hertz*Cseg*tanDelta) '

R="1/(1e-12+4 2*pi*hertz*Cseg*tanDelta) '

R="Rdc + ROseg*(sgrt(hertz/f0) +k1*(hertz/f0) )'

R="Rdc + ROseg*( sqrt(hertz/f0) +k1*(hertz/f0)) '
L={Lse L={Lse
={Lseg} - ={Lseq} |na

[nin

P16 ni
Num=7 C=(Cseg} T

In3
C={Cseq} T

|n5
C ={C5eg}T

SpiceCode=* Basic RLC inductor model
.PARAM pi = 3.14159265359

P15 PARAM XL = {2*pi*Fr*L}

P14 PARAM C = {1/(L¥(2*pi*Fr)*(2*pi*Fr)]}

Num=5
R="1/{1e-12+ 2*pi*hertz*Cseg*tanDelta)"

R='Rdc + ROseq=( (sqrt{hertz/f0) +k1*(hertz/f0)) ) '

R="Rdc+R0seg*( (sqrt(hertz/f0) +k1*(hertz/f0)) }'

R="Rdc + ROseg*( (sqrtihertz/f0) +k1*{hertz/f0}) } '

L={Lseq} L={Lseqg} L={Lseq}
[ 116 o ] [

nout

n9 P18
C={Cseq} T

Num=2

R="1/(1e-12+ 2*pi*hertz*Cseg*tanDelta) ' {5 P17
Num=8
R="1/(1e-12+ 2*pi*hertz*Cseg*tanDelta) '

C={Cseq}
R="1/(1e-12+ 2*pi*hertz*Cseg*tanDelta) '
R="1/(1e-12+ 2*pi*hertz*Cseg*tanDelta)’
R="1/(1e-12+ 2*pi*hertz*Cseg*tanDelta)’

PARAM Lseg = {L/nseqg}
.PARAM Cseg = {C/nseq}
.PARAM ROseg = {RO/nseg}

|.1NCLUDE SCRIPT

INCLSCRG

SpiceCode=* Basic RLC inductor maodel
.PARAM pi = 3.14159265359

PARAM nseg=>5

PARAM XL = {2*pi*FrL}

PARAM RO = {XL/Q}

PARAM C = {1/(L*(2*pi*Fry*(2*pi*Fr))}
.PARAM Cseg = {{/nseq}

PARAM Lseq = {L/nseq}

.PARAM ROseg = RO/nseg

[0 One, three and five segment RLCG non-linear behavioural RF inductance models
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Building an RLCG Inductance Library:

Create Library

Library Name: IESSERCHb

Choose subcircuits:

<

z

Figns2.sch
FigtanDeltaAsch.sch
LNA_Ind1.sch
Lumped_I_model.sch
RF_L_1.sch
RF_L_1_tanDelta.sch
RF_L_1_tanDeltamod1.sch
RF_L_1original.sch
RF_L_seg1.sch
RF_L_seg3.sch
RF_L_seg5.sch
RLCG.sch
RLCGmodelLibrary.sch
RLCGx10.sch
RLCGx3.sch
RLCGx5.sch
RLCGx5A.sch
RLCGx5AGseq.sch
RLCGxSAoriginal.sch
SP_5xRLCGAFIG.sch
SP_5xRLCGAFIGNS.sch

v! Add subcircuit description

¥! Analog models only

Select All

Cancel

Deselect All

Next...

b Create Library
Library Name: ESSERClib.lib
Message:

Saving library...

Loading subcircuit "RF_L_seg1.sch".

Creating Qucs netlist.

Creating SPICE netlist.

Loading subcircuit "RF_L_seg3.sch".
Creating Qucs netlist.

Creating SPICE netlist.

Loading subcircuit "RF_L_seg5.sch".
Creating Qucs netlist.
Creating SPICE netlist.

Successfully created library.

Clase

—>
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Gim febt Bosemnmg [neert Broject ool Saulshon e bep

90O O

Main Dock

LEmaries
* Dptocoeplic
PIN Crigepes
PAIOISFETS
PWM_Comirnller
o Preeveltan iy
" RC
SPICE TLine
SpicRCpang
» Themisior
Thys
Transforesrs
* Transimors
Tbés
+ TubesExtandod
WD 25 o MG FET
Varagtar
Varactor_RF
o Varstors
* WRRCOmpaIaLas
UcltageReterences
Volbacpeucplaters
* Kansngus

Coment Frojeds

Eriwiy | Components

IHP_POK_bare_gomporeants
IHF_PEE_roninear_compan

o [HP_POK srekeats:
* IHP_hv.ana e eolls

« anaiogue fiv ey
*I_M0E call M

Shirw mod
Mamas B L sant
Library: romaimie!
Cusimkesmarnliser i
ESSERCIE

BFL g

iyt

\Warningy in bass simulation! fress 14

[0 Creation of a Qucs-S User Library called ESSERCIib

Cleor

.

R aniided 0

—>

SPICE

SUBCKT ESSERCID_RF L seg5 gnd nin nout _netl Fr=50G Q=12 L=100p K1=0 f0=50G tanDalta=0 Rdc=0.1

* Basic RLC inductor model

-PARAM pi = 3.14159265359

PARAM nseg="5

PARAM XL = {2%pi*FreL}

PARAM RO = {XL/Q}

PARAM C = {1/L*(2%pi*Fr)*{2*pi*Fr}}}
PARAM Csag = {T/nseg)

PARAM Lseg = {Linseq)

PARAM RDseq = RO/nseag

L2l n2 {Lseg}
C3n2 neD{Cseq}
L3 n3 n4d {Lseg}
C4nd _net {Csegq)
L4 n5 né {Lseg}
C5n6 _netl {Csegh
LS n7 ng {Lseq}
ConB _netd {Cseq)
L6 n® nout {Lseg}
C7 nout _netd {Cseg)

R4 _neth n2 'I/[1e-12+ 2*pi*herz*Cseg*lanDelta) '
A6 _netl nd '1/(1e-12+ 2*pi*herz*Cseg*tanDelta) '
RS _netd nG'1/(1e-12+ 2*pi*herz*Cseg*tanDelta)’
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Qucs-S IHP 130 nm HBT 60 GHz LNA: 1==Ss55s

Parameter|| |S parameter”

swee simulation
= lat
= RF_L seg5_1 e o1
Fr=
Vee i {;ﬁ ;SSG Sim=5P1 Type=log
U=1.2V L=125p Type=lin Start=20G
! Pri K1=0.5 Param=scan Stop=80G
|+ 0=60G Start=450p Points=251
I . tanDelta=0.001 Stog=550p Hoeryes
1 Rdc=0.1 Points=5 saveAll=yes
= cap_cmimi rhigh1 . .
=714 w=0,5u €ap_emim2 | dc simulation
W=7.1u  5geq I:2E1}u I=7§1;J DCA
! m= w=/.1u
RLCG —— E number | i(pr1) | i(pr2) | wv(beta)
= Nx=1 1 3.9e-06 | 0.00211| 540.26
RF_L _seg5_3 RF_L seg5 2
Fr=60G Fr=60G o 2=50 Ohm |.INCLUDE SCRIPT |Nutmeg
LQ;{Ar2 } E—:iij o IR NutmegEq1
K105 K105 e il simulation=SP1
0=60C fUr_ﬁdG — LIB cornerHBT.lib hbt_typ SI‘IT:Bi::iGI;E{s 11)
tanDelta=0.001  tanDelta=0.001 Eg Cor"erggsp':.‘z €aP-YP <12dB=dbiv(s_1_2)
Rdc=0.1 Rdc=0.1 -L18 COrnerkS.lib res_ P ¢>qdp=dbiv(s_2_1))

*

PARAM scan = 0-001

[0 S-parameter test bench schematic, illustrating the use of IHP the Open PDK
and Qucs-S User Libraries

$22dB=db(v(s_2_2))
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FALINICH

Qucs-S IHP 130 nm HBT 60 GHz LNA: 2 ==255 0"

=

| INCLUDE SCRIPT

4 8 100
du BD__
INCLSCR1 Al 7T il
SpiceCode= = 2 ol 704
P . 2 0 scan 3 S 60+ Best
.LIB cornerHBT.lib hbt_bcs W2t =™ E 50+
H T f
.LIB cornerCAP.ib cap_bcs _’é’ 4 gg:’ Ca se
.LIB cornerRES.lib res_bcs 1% S 39 | N . 2 20+ -
4 = t T T | = L 1 ! ! I I L | I ! | - - | .
0G 30G 40G 50G 60G 70G BOG 0G 30G 40G 50G 860G 70G BOG 506 30G 40G 506G B0G 70G 806 I%UG 30G 406G 50G 60G 700 80G
frequency frequency S
frequency frequency

JINCLUDE SCRIPT

1
INCLSCR1 - o
SpiceCode= o = 80
. © | & 70+
.LIB cornerHBT.lib hbt_typ b scan k=) g &0
5 v =
LIB cornerCAP.lib cap_typ - [ c 50+
‘ - 40+
.LIB cornerRES.lib res_typ . 30+
i e 30 T [ b 4 4 20+
0G 30G 40G 50G 60G 70G 80G 0G 30G 40G 50G 60G 70G 80G e
1 e ra
frequency 306 306 40G 506 60G 706 80G 395G 30G 40G 50G 60G 70G 80G
frequency 3
frequency
INCLUDE SCRIPT 0 100
S 7+ 90+
INCLSCR1 80
SpiceCode= - -l secal & g i
.LIB cornerHBT.lib hbt_wrcs m = kel ol € 50+
.LIB cornerCAP.lib cap_wcs = 4 ;’g__
.LIB cornerRES.lib res_wcs e =+ 20+
-10 -30 e 2 — — 10 —— :
20G 30G 40G 50G 60G 70G 80G 20G 30G 40G 50G 6UG 70G 80G 20G 30G 40G 50G 60G 70G BOG 20G 30G 40G 50G 60G 70G B0G
frequency frequency frequency frequency

[0 S-parameter and noise simulation output data for bcs, typ and wcs PDK corners
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ti-gl .
u n s 3 %
ESSERC %
=025
100
| Fre [Nutmeg 90
NutmegEq1 80T
RF_L_seg5_1
Parameter il simulation=sP1 2 7l
i 2 rlc-c’i 2V Q=12 511dB=db{v(s_1_1)} =  spd
=% L=145.000p, S12dB=dblv(s_1_2)) i S ol
sw1 1 k1205 & | B1 , s21dB=db(v(s_2_1)) L
Sim=SP1 1 me) Pri f0=60G = = I=ifvpr2)ivpr1) - s22dB=dbiv(s_2_2)) 20
E;':::TNG Ee— i > tanDelta=0.001 |.INCLUDE scriPT WG 506 606 706 80G Y5 soc ebc 706 80G
i im1 i Rdc=0.1 frequenc frequenc
Start=0 i i . INCLSCRI il 100 s
Stop=50 i F cap_cmim2 ,_:l SpiceCode= 9o
T w=7.1u |=20u 1=7.14 P2 ; =5+ o]
Points=51 5 $Gn=1 ?:’ Mg .LIB cormnerHBT.lib hbt_typ_stat gg
' bl I = LIB cornerCAPlib cap_typ._stat a A LT
- RLCG e : : =l e = | BOT
5 parameter f I__-I? npn13G1 lﬂ-j__ L E-=0 b \LIB cornerRES.lib res_typ_stat = sl :I ol
simulation = Nix=1 s * = > 404
: - RF L segs 3 RF_L.seg5.2 _PARAM No_of_runs = 100 30T
SP1 — Uit o 20+
T i L Fr=60G Fr=60G . ¥ 95 | | 1 | I |
sfpri:a;gc P1 =12 Q=12 18 dc simulation 410G 50G  60G 70G  80G %c sbc ebc 706 sade
o Num=1 L=670p L=9.000p n lE] = frequency frequency
Stop=80G 7=50 Ohm K1=05 K1=0.5 = sl ,
F‘o:—nts=201 f0=60G f0=60G number | i{pr1) i(pr2) v{beta)
b tanDelta=0.001 tanDelta=0.001 = L 3.54e-06 | 0.00196 | 555.57
savehll=yes Rde=0.1 Rdc=0.1 %"
| ResetValues | RF_L_seg5 3:L ® RF L seg5 2:L ® RF L_seg5 1:L | & | €
UpdateVaIueé: Max.: | 700 p ~| Max: 11 p | Max: 300 B ”
Close 506G 60G 70G  BOG 406G 506 60G 70G  80G
frequency frequency
(=] 5] (-]
_> 0.8
=] ] _ [-] g 2 o6
2 -
L | =] =B Il 0.4
Min.: 400 D Min.: |8 '_p | Min.: 100 P =
il T = 10 f . : 200m : 4 | {
Val: |670 p | Val: 19.000 [P | Val: [1.45e+02 Pz 406 50G 60G 70G  80G "W0G 506G 60G  70G  80G
Step |10 p ~| Step 02 |lp | step |5 p ~| frequency frequency
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BCS

TYP

WCS

s21db

521db

s21db

Monte Carlo Corner Simulation Data

— a2

i I — =
60G 706 80G ~30G
frequency

s11db

FALINICH
B5-11 SEFTEMBER

ESSERC
=025

60G
frequency

100

| | Il
506G  60G  70G
frequency

60G
frequency

706G 80G

90+
80+
70+
60+
50+
40+
30T
20+

viz_1.1)

50G

L
60G  70G
frequency

406G

60G
frequency

60G
frequency

'35G

506 60G 70G
frequency

frequency

frequency

vz _1_1)
wn
Eind

|. - .
50G 60G 70G
frequency

6+

7o)

=

S 4t
506G 60G 70G 80G 40G 60G
frequency frequency

—- + -+
50G 60G 70G
frequency

80G  40G

}.
60G
frequency

Q)

rn (£2)

} |
60G 70G  80G

frequency

50G 60G 70G  80G

frequency

|- | - -
50G 60G T70G 80G

frequency
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FALINICH

Monte Carlo Histogram Test Bench: 1 === G

EI Pr2

s
RF_L_seg5_1
Vel Fr;—-é;}G
U=1.2V Q=1
L=145.000p, |(n
N K1=0.5 s 1Y
- @[ Pr fo-e06 W |&
_-I-_ — tanDelta=0.001
L. cap_cmim1 rhigh1 Rdc=0.1
- I w=0.5u[ cap_cmim2
w=7.1u [=20u 1=7.1u
556911-1 :
' § w=7.1u ¥
RLCG A
npni13G1
- Nx=1
RF_L_seg53 RF_L seg5.2
- Fr=60G Fr=60G
P1 Q=12 Q=12 23
Num=1 L=670p L=9.000p n |8
Z=50 Ohm K1=0.5 K1=0.5
f0=60G f0=60G
tanDelta=0.001 tanDelta=0.001 =
Rdc=0.1 Rdc=0.1

B1

Set sweep parameter
No_of .runs

to 3001

v

Parameter
sweep

SW1
Sim=SP1

Type=lin
Param=No_of runs
Start=1
Stop=3001
Points=3001

I,

dc simulationl]

DC1

Set frequency |.INCLUDE SCRIPT
to 60 GHz INCLSCR1
SpiceCode=
¢ .LIB cornerHBT.lib hbt_typ_stat

.LIB cornerCAP.lib cap_typ_stat

S parameter .LIB cornerRES.lib res_typ_stat

number

i(pr1)

i(pr2)

v(beta)

Undertake noise analysis

1

4.23e-06

0.00189

448

after each S-parameter

simulation .PARAM No_of runs =0
SP1
Type=lin /P
Start=60e9
>top=60.0000001€3  parameters are re-calculated
P0|.nts—2 at the start of each simulation
Noise=yes
NoiselP=1 INutmeg
NoiseOP=2
saveCVs=yes NUtmegEq]
i Simulation=SP1
saveAll=yes

S11dB=db(v(s_1_1))
/I\ S12dB=db(v(s_1_2))

S21dB=db(v(s_2_1))
522dB=db(v(s_2_2))

simulation
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Monte Carlo Histogram Test Bench:

:‘freq Uency: 65] 000G
_ .»--’isp'l no_of_runs: 1.235k
e acs21db: 10.8

=
Jac,s21db

BCS e
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Data Conversion to Octave m Files ESSERE

octave: 10>
load fhome/mike/QucsWorkspace/MOS-AKLondon2025_prifLNA_MC_Cornerbes Histgrams523000.m
octave:11=

whos I plotHistogramMike2.m E3
Variables visible from the current scope:

c t Data Fil i nbins = 21;
onver ata rFlle... .
variables in scope: top scope subplot(2,2,1);

hist(ac_s1ldb,nbins)
. o xlabel("S11 (dB)")
File specification At ylabel}"Samp{e Eore)
] Name Size Bytes Class %
Input File; |/home/mike/QucsWorkspace/MOS-AKLondon2025_prj/LNA_MC_Cornerbcs_HistgramsS23000.dat.ngspice || Browse ST SR AT subplot(2,2,2);
: I i = e E - ac_s1idb 3001x1 24008 double hist(ac_s21db, nbins)
[ ) ac_s12db 30011 24008 double xlabel("S21 (dB)")
Input Format: | Qucs dataset is acs2idb 3001 24008 double ylabel ("Sample count")
) [ . - - = | ac_s22db 3001x1 24008 double &
Output File: /home/mike/QucsWorkspace/MOS-AKLondon2025_prj/LNA_MC_Cornerbes_HistgramsS23000.m Browse acwv ey 1.9 3001x1 24008 double _> ;qbplot(l.z%m: "
= == = — - ' ¢ acvey. 1.2, 3001%1 48016 double x{:‘;é?%n?n(aé]?)ms)
Output Format: | Matlab x € acvey2l 3001 48016 double ylabel ("Sample count")
: acwvey 22 3001x1 24008 double %
ac_ v nf_ 30071x1 24008 double subplot(2,2,4);
ac_v_nfmin_  3001x1 24008 double hist(ac_v_rn_, nbins)
acv_rn_ 3001%1 24008 double xLlabel("Rn (Ohm)")
€ acvs 11 30011 48016 double ylabel("Sample count")
¢ acwvs 12 3001x7 438016 double
Messages € acvs2i1 3001x) 48016 double ¢
€ acwvs.22 3001 48016 double
e ¢ acv.sopt.  3001x1 48016 double o
¢ acwy 1.1 3001x 43016 double
fusr/bin/qucsconv_rf -if quesdata -of matlab -i /home/mike/QuecsWorkspace/MOS-AKLondon2025_prj/LNA_MC_Cornerbecs_Histgrams € acvyl2  3001x 48016 double 40
€ acvy2l  3007x1 48016 double 2 2 i
¢ acvy22 3001k 48016 double g g
: ¢ acwvz 11 30011 48016 double E 5 200
Successfully converted file! ¢ acvzi12 3001x] 48016 double i5k
. . _[F¥E ¢ acwvz 21 3001x) 48016 double
i ; - € acvz22 3001 48016 double 48 8 44 12 40 & 8 ' 1 w5 o1 15
3 % ans 1245 45 char 511 (dB) 521 (dB)
Convert frequency 1x1 8 double
ipri_ Txt & double 500 500
_pra_ 1x1 8 doubie it o)
spi_no_of_runs 3001x1 24008 double £ £
v_beta_ 1x1 8 double 4200 g e
g 4
E 200 E 200
Total is 75074 elements using 960357 bytes & &
00 o0
1] o
28 3 2.2 3.4 36 38 a5 40 45 50 55
NF (B} Rn (Ohm)
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Corner Simulation Histograms
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<W2 - Building Component Libraries for Use with the IHP OpenPDK and FOSS Tools >

NF (dB)

RBn (Ohm)

16



FALINICH

L Y
B-11 SERPTEMBER % “’g‘ »
1 b ‘

Improved RF Inductance Performance =ssssc

RF |IC Layout
simulation
3 A 7
: * T i
i Octagonal Spiral Inductor " 7 Spacing
i Use modified Wheeler model: 2
. L=P1*p0'n2*{iavg =':' .
: = r
: 14P2 - p - =1 Width
It : where: . = B B
- ; L = inductance (H), 1 5t ; H | i 2 —» openEMS

i _ -7 -

RF_L_1_tanDelta_1 : HO = 4-m-107" H/m, ] =

Fr=100e9 : n is the number of turns, % = = L

?::1102013 : davg = dout + din (the average diameter} ' o

K1=0 : 2 1T\ EM

f0=40e9 H % _di ; : . ' simulation

A O ' p =dout ds_n (fill ratio), and — |

A : dout+din e —— Underpass
: P1=2.34, P2 =275 (typical values for an octaginal spiral) ! sl 3
§ For W =5pm and S = 2um
i Dout = 50pm, Din = 20pm Davg = 35pm
: and n = 1.5 turns, p = 0.241, giving v
: L =133 pH.
XXXX.s2p
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Summary ==gesc @

This presentation reports on the application of FOSS tools for RF IC design using the IHP
open-access PDK for the SG13G2 130nm BiCMOS process node;

Particular attention is given to illustrating how FOSS tools are applied in the construction
user designed model libraries for RF IC design;

A basic multi-section RLCG RF inductor model library, for the design of a 60GHz HBT LNA, is
introduced and characterised;

The LNA design is centred around a single HBT biased from a 1.2V d.c. voltage, and
behavioural inductors emplying RLCG transmission lines that include the effects of frequency
dependant skin and proximity effects and substrate dielectric loss;

The final section of the reported work introduces inductor design with octagonal spiral
passive structures that are defined during IC layout, simulated by openEMS, characterised
as s2p touchstone data and fed back to Qucs-S/Ngspice for simulation.

Future work will continue the development of the topics presented at this workshop.
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References and software links : 1 =sge=c &

[1] Brinson, Mike (2020) The Qucs/QucsStudio and Qucs-S graphical user interface:
an evolving “"white-board” for compact device modeling and circuit simulation in
the current era. In the 27th International Conference on Mixed Design of Integrated
Circuits and System (MIXDES), 25-27 June 2020, Lodz, Poland.
https://doi.org/10.23919/MIXDES49814.2020.9155809

[2] OpenVAF a next-generation Verilog-A compiler that empowers the open source silicon
revolution. https://openvaf.semimod.de/

[3] IHP-GmbH, Open Source PDK in 130nm BICMOS, developed for Analog/Digital,

Mixed Signal and RF ASIC Design, https://www.ihp-microelectronics.com/services/research
-and-prototyping-service/fast-design-enablement/open-source-pdk

[4] Ngspice the next generation open source SPICE simulator.
https://ngspice.sourceforge.io/

[5] S1 CMC Standard Models. https://si2.org/cmc-standard-models/

<W2 - Building Component Libraries for Use with the IHP OpenPDK and FOSS Tools > 19


https://www.ihp-microelectronics.com/services/research-
https://www.ihp-microelectronics.com/services/research-

“.l“
b L
L

References and software links : 2 ==g55: @

[6] Brinson, Mike and Kuznetsov, Vadim (2016) A new approach to compact
semiconductor device modelling with Qucs Verilog-A analogue module
synthesis. International Journal of Numerical Modelling: Electronic Networks,
Devices and Fields. pp. 1-19. http://onlinelibrary.wiley.com/doi/10.1002/jnm.216...

[7] GNU Octave scientific programming language. https://www.octave.org/

[8] OpenEMS is a free and open electromagnetic field solver using the FDTD method.
https://www.openems.de/

For more background on the use of open-access FOSS tools for IHP SG13G2 130nm
BiCMOS IC design, see

Brinson, M. (2024, September 9). QUCS-S - a central tool in the openPDK IC design flow. 21
Zenodo. https://doi.org/10.5281/zenodo.14178763
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