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1.0 Introduction

Introduction

This document is intended to serve as a design guide for SBC18, the TowerJazz 0.18um SiGe BiCMOS pro-
cess family. Please refer to the following SBC18 core technology documents for additional information about

the SBC18 process definitions and its variants:

NPB PS-0179 Design Rules

NPB PS-0237

NPB PS-0402 Digital Design Manual
NPB PS-0411 ESD Design Manual
NPB PS-0542

NPB PS-1017

Electrical Specifications

Design Application Note for SBC18H2
Design Application Note for the SBC18H3 Process

The SBC18 models were verified using Cadence Spectre. Hspice, ADS, and ELDO simulators are also sup-
ported in selected processes. Table 1.2 lists the devices availabe to each SBC18 process variant

TABLE 1.1 SBC18 device list

HX HK H3 PT |PT QT |QT| QT |QT|QP MwW
Devices HA| L |HX(HK| L |H2H2A|H3| A (PT|H |D|(QGB|D |E|R |L [A (QW|MW | D [MV
3.3V FETs X|X|X[X[X|X|X[X[|[X|X]|X|X]|X X[ X|X X[ X X
5V FETs
1.8V FETs XXX |X[X|[X|X[X|X|X|[X]|X]|X
High Speed NPN w/ DT X |[X]|X
Standard NPN w/ DT X|X|X
High Voltage NPN w/ DT X|[X]|X
Standard NPN w/o DT X | X X
High Voltage NPN w/o DT
8V NPN w/o DT X
200GHz NPN w/ DT (H2) X
Standard NPN w/ DT (H2)
High Speed NPN w/ DT (H3) X | X
Standard NPN w/ DT (H3) X | X
Lateral PNP X | X X
Vertical PNP X X|X|X|X X X
High Performance PNP X
Low Value Poly Resistor X[X|X|[X|X|[X|X|X]|X X X X
High Value Poly Resistor X X|X|X|X X X X
Salicided Poly Resistor X X[ X | X[ X|X[X|[X]|X X X
TiN Resistor X X[ X|X]|X X X
Nwell Resistor X X[ X[ X[X|[X[X|X|X|[X|X|[X]|X X | X
Varactor (ni)
Varactor (buried layer) X X X[X|X|X X | X
Varactor (MOS) X X | X X X
1fF MIM Cap
2fF MIM Cap X| X XX | X[ X[X|X|X|X[|X[X|X]| X |X]|X

11

NPB PS-0288 Revision: 13


https://online.jazzsemi.com/ebiz/filex/filex_legal.jsp?DOCNUM=NPB%20PS-0402
https://online.jazzsemi.com/ebiz/filex/filex_legal.jsp?DOCNUM=NPB%20PS-0402
https://online.jazzsemi.com/ebiz/filex/filex_legal.jsp?DOCNUM=NPB%20PS-0179
https://online.jazzsemi.com/ebiz/filex/filex_legal.jsp?DOCNUM=NPB%20PS-0402

SBC18 Model List and Description

TABLE 1.1 SBC18 device list

HX HK H3 PT |PT QT |QT| QT |QT|QP Mw
Devices HA| L |HX(HK| L |H2H2A|H3| A (PT|H |D(QGB|D |E|R |L [A (QW|MW | D MV
4fF Stack MIM Cap X X|X[X|[X[|X X
2.8fF MIM Cap X X X
5.6fF Stack MIM Cap X X
Schottky Diode X X | X X X
Deep Nwell X X| X |X X X | X

1.1 SBC18 Model List and Description

For a complete listing of sbc18 process variant devices please refer to the Jazz Design Kit “Virtual Compo-
nents Website available through the Cadence CIW -> Technology Component Info (VCSC Web), or by navi-
gating to $RDS_ROOT/amslibs/cds_default/cdsware/html/index.htm/

SiGe NPNs:
- npn (npn, 4-terminal, sub-circuit model name based on geometry)

- type “L” is for HS (High-speed) with BVcgo=2.2V (In SBC18H2 type “L” is for Low Voltage with BVggo=1.9V
and in SBC18H3 type “L” is for Low Voltage with BVcgg = 1.6V ). In the legacy PDKs this device starts with
“D”.

- type “M”is for STD (Standard) with BVcgo=3.2V (In SBC18H2 and H3 type “M” is for Medium Voltage with
BVceo=3.5V). In the legacy PDKs this device starts with “L".

- type “H” is for HV (High Voltage) with BV go=6.0V. This device is not available in SBC18H2 or SBC18H3.

FETs:

- nfet (analog nfet, thin oxide, 4-terminal, implicit bulk terminal, sub-circuit model nfets)

- nfet_4 (analog nfet, thin oxide, 4-terminal, explicit bulk terminal, sub-circuit model nfets)

- pfet [pfet’] (analog pfet, thin oxide, 4-terminal, implicit bulk terminal, sub-circuit model pfets)

- pfet_4 (analog pfet, thin oxide, 4-terminal, explicit bulk terminal, sub-circuit model pfets)

- nfet3p3 (analog nfet, 3.3V thick oxide, 4-terminal, implicit bulk terminal, sub-circuit model n3p3fets)

- nfet3p3_4 (analog nfet, 3.3V thick oxide, 4-terminal, explicit bulk terminal, sub-circuit model n3p3fets)
- pfet3p3 (analog pfet, 3.3V thick oxide, 4-terminal, implicit bulk terminal, sub-circuit model p3p3fets)

- pfet3p3_4 (analog pfet, 3.3V thick oxide, 4-terminal, explicit bulk terminal, sub-circuit model p3p3fets)
- nfet5p0 (analog nfet, 5V thick oxide, 4-terminal, implicit bulk terminal, sub-circuit model n5p0fets)

- nfetSp0_4 (analog nfet, 5V thick oxide, 4-terminal, explicit bulk terminal, sub-circuit model n5p0fets)

- pfet5p0 (analog pfet, 5V thick oxide, 4-terminal, implicit bulk terminal, sub-circuit model p5p0fets)

- pfet5p0_4 (analog pfet, 5V thick oxide, 4-terminal, explicit bulk terminal, sub-circuit model p5p0fets)

PROPRIETARY INFORMATION: NO DISSEMINATION OR USE ALLOWED WITHOUT PRIOR WRITTEN PERMISSION 12
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- nfet_rf (RF nfet, thin oxide, 4-terminal, sub-circuit model nfet_rf)

- pfet_rf (RF pfet, thin oxide, 4-terminal, sub-circuit model pfet_rf)

- nfet3p3_rf (RF n3p3fet, 3.3V thick oxide, 4-terminal, sub-circuit model n5p0fet_rf)
- pfet3p3_rf (RF p3p3fet, 3.3V thick oxide, 4-terminal, sub-circuit model p5p0fet_rf)
- nfet5p0_rf (RF n3p3fet, 5V thick oxide, 4-terminal, sub-circuit model n5p0fet_rf)

- pfet5p0_rf (RF p3p3fet, 5V thick oxide, 4-terminal, sub-circuit model p5p0fet_rf)
Junction Diodes:

- dn (n+/sub junction diode, thin oxide, 2-terminal, primitive model ndiode)

- dp (p+/well junction diode, thin oxide, 2-terminal, primitive model pdiode)

- dnwell (nwell/substrate diode, 2-terminal, primitive model nwdiode)

- dn3p3 (n+/sub junction diode, thick oxide, 2-terminal, primitive model n3p3diode)
- dp3p3 (p+/well junction diode, thick oxide, 2-terminal, primitive model p3p3diode)
- dschottky (Schottky diode devices, primitive model schottky)

- diso (Deep Nwell/Nwell to isolated Pwell diode, model dnw_pwell)

- ddnw (Deep Nwell to P substrate diode, model dnw_psub)

- dpin (PiN diode, model dpin)

Resistors:

- rnwell (nwell resistor, 3-terminal, sub-circuit model rw3t)

- rppoly_lo (low value unsalicided poly resistor, 3-terminal, sub-circuit model rpp3t)
- rppoly_hi (high value unsalicided poly resistor, 3-terminal, sub-circuit model rpp3t)
- rppoly_sal (salicided poly resistor, 3-terminal, sub-circuit model rps)

- rtin (TiNitride resistor, 3-terminal, sub-circuit model rtin)

Capacitors:

- cpoly (poly cap over well, thin oxide, 3-terminal, sub-circuit model pc)

- cpoly3p3 (poly cap over well, 3.3V thick oxide, 3-terminal, sub-circuit model pc3p3)

- cpoly5p0 (poly cap over well, 5V thick oxide, 3-terminal, sub-circuit model pc5p0)

- cmim (1fF/um‘2 mim capacitor over substrate, 3-terminal, sub-circuit model ¢3t_mim)

- cmim2 (2fF/um2 mim capacitor over substrate, 3-terminal, sub-circuit model ¢3t_mim2)

- cmim2_2 (2fF/um? mim capacitor over substrate, 2-terminal, sub-circuit model c2t_mim2)

- cmim3 (2.8fF/um? mim capacitor over substrate, 3-terminal, sub-circuit model c3t_mim3)

13 NPB PS-0288 Revision: 13



SBC18 Model List and Description

- cmim3_2 (2.8fF/um? mim capacitor over substrate, 2-terminal, sub-circuit model c2t_mim3)
-cmim3_m3 (2.8fF/um2 mim capacitor over substrate on metal-3, 3-terminal, sub-circuit model c3t_mim3)

-cmimw23_m3_2 (2.8fF/um2 mim capacitor over substrate on metal-3, 2-terminal, sub-circuit model
c2t_mim3)

-cmim_2 (1fF/um2 mim capacitor over substrate, 2-terminal, sub-circuit model c2t_mim)

- cmimw2_4 (2fF/um? mim capacitor over well, 4-terminal with explicit well terminal, sub-circuit model
c4t_mimw2)

-cmimw3_4 (2.8fF/um2 mim capacitor over well, 4-terminal with explicit well terminal, sub-circuit model
c4t_mimwa3)

-cmimw3_m3 4 (2.8fF/um2 mim capacitor on over well on metal-3, 4-terminal with explicit well terminal, sub-
circuit model c4t_mimw3)

-cmimw_4 (1fF/um2 mim capacitor over well, 4-terminal with explicit well terminal, sub-circuit model
c4t_mimw)

- csmim4 (4fF/um2 stacked mim capacitor over substrate, 3-terminal, sub circuit model c3t_smime6)

- csmimw4_4 (4fF/um? stacked mim capacitor over nwell, 4-terminal with explicity well terminal, sub circuit
model c4t_smim6)

- csmim6 (5.6fF/um2 stacked mim capacitor over substrate, 3-terminal, sub circuit model c3t_smim6)

- csmimw6_4 (5.6fF/um? stacked mim capacitor over nwell, 4-terminal with explicity well terminal, sub circuit
model c4t_smim6)

PNPs:

- vpnp: vertical pnpa (25x25), pnpb (11x11), pnpc (5.4x5.4), pnpd (3x3) (3-terminal, primitive model)
- vpnphp (high performance vertical pnp, 4-terminal)

- Ipnp (lateral pnp transistor, sub-circuit model pnpl)

Varactors:

- var_bl (implanted varactor, 3-terminal, sub-circuit model rfvar_bl)

- var_mos (MOS varactor 1.8V gate, 3-terminal, sub-circuit model mosvar_1p8)

Inductors:

- ind (top metal square inductor, 3-terminal, sub-circuit model ind_[1,3,5]u)

- ind_diff (top metal differential square inductor, 4-terminal, sub-circuit model inddiff_[1,3,5]u)
- ind_oct (top metal octagonal inductor, 3-terminal, sub-circuit model ind_[1,3,5]u)

- ind_diff_oct (top metal differential octagonal inductor, 4-terminal, sub-circuit model inddiff_[1,3,5]u)

PROPRIETARY INFORMATION: NO DISSEMINATION OR USE ALLOWED WITHOUT PRIOR WRITTEN PERMISSION 14
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Baluns:

- balun (balun device, 6-terminal, sub-circuit model dependent on process variant)

- balun_xfmr (balun in transformer configuration, 4-terminal, sub-circuit model dependent on process variant)
Fuse:

- fuse (metal fuse, 2-terminal, sub-circuit resistor model fuse)

- efuse (poly fuse, 2-terminal, sub-circuit resistor model efuse)

ESD FETs

- nfet_esd (esd nfet with well resistor and guard ring, schematic based)***

- pfet_esd (esd pfet with guard ring, schematic based)***

- n3p3fet_esd (esd n3p3fet with well resistor and guard ring, schematic based)

- p3p3fet_esd (esd p3p3fet with guard ring, schematic based)***
***For ESD guidelines please refer to document NPB PS-0411

1.2 Model Availability

The following model types are available for each SBC18 device:

TABLE 1.2 Model availability table for SBC18 variants

Device DC AC RF Noise Corner | Statistical Mismatch
CMOS X X X X X X
NPN X X X X X X
Lateral PNP X X X X X
Vertical PNP X X X X
High Performance PNP X X X X
Unsalicided Poly Resistor (low and X X X X X X

high value)

Salicided Poly Resistor
Metal (TiN) Resistor
Nwell Resistor

MIM Capacitors

Poly Capacitor

Buried Layer Varactor
P+/Nwell Varactor
MQOS Varactor
Junction Diodes
Schottky Diode
Inductors

M| X [ XX X[ XXX |X]|X|X
M| X [ XX X[ XX [ XXX |X
XX [ XX X[ XXX |X]|X|X

X[ X[ X[ X[ X[ X
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2.0 MOS MODEL

2.1 Device Description

MOS MODEL

The SBC18 process supports two different mixed-signal (MS) models. The first model relates to the thin gate-
oxide FETs with a maximum operation voltage of 1.8v. The second model relates to the thick gate-oxide FETs
with a maximum operation voltage of 3.3V (5.0V for sbc18qpa). The cross section and top view of a typical

SBC18 1.8v CMOS section is illustrated in Figure 2.1.

FIGURE 2.1 NFET and PFET cross section and top view

H"‘k

P+

.&uﬁe-

N+ Nigq Pwell

P-substrate

2.2 Model description

TABLE 2.1 Model summary for Fets

~— Contacts

P+ Pigq

Nwell

Nwell

N+

Property 1.8v Fets 3.3v FETs 5.0v FETs
Design Kit Cell Name nfet, pfet n3p3fet/nfet3p3, p3p3fet/pfet3p3 nfet5p0, pfet5p0
Temperature Range -40 to 125°% -40 to 125° -40 to 125°%

Channel Length

0.18um <= L <= 100um

0.36um <= L <= 100um for NFET
0.30pum <= L <= 100um for PFET

0.60um <= L <= 150um

Channel Width

0.22um <= W <= 250um

0.40pum <= W <= 250um

0.60pum <= W <= 250um

No. of fingers 1 <= NF <=100 1 <= NF <=100 1 <=NF <=100
Bias Range |Vgs|: 0 ~ 1.8V, |Vds|: 0 ~ 1.8V, |[Vgs|: 0 ~ 3.3V, |Vds|: 0 ~ 3.3V, |[Vgs|: 0 ~ 5.0V, |Vds|: 0 ~ 5.0V,
|Vbs|: 0 ~ 1.8V |Vbs|: 0 ~ 3.3V |Vbs|: 0 ~ 5.0V

17
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Scalable model

Using these models outside of the specified ranges may generate simulation errors.

2.3 Scalable model

A completely scalable BSIM3v3 model was used to fit devices of all geometries. A limited set of model param-
eters were made geometry dependent to improve model accuracy, as per the equation inside BSIM3v3:

P=P0+£+WP+ PP (EQ 1)

Ly Wep (LeypX W)

where P is the effective parameter value, with PO, LP, WP, and PP defining the geometric dependencies of the
parameter.

A scalable model is highly desirable as it maintains the “physical” nature of the model. Parameters such as
DVTO, that define the short channel threshold voltage behavior of a MOSFET, are physically extracted. In con-
trast to the scalable modeling approach, the “binned” model methodology divides the channel length and width
space into multiple “bins” and model parameter sets for each of the bins are independently extracted. Eq. 1 is
used to make the model parameters continuous across bin boundaries. Parameters such as DVTO0 have no
physical meaning. A significant advantage of the scalable model approach is in the corner and statistical mod-
eling. These models are generated by changing process specific model parameters such as mobility and chan-
nel length, and are intuitively more accurate if the original model was physically extracted.

A PSP model option is also available via the Jazz model selection form. In general, the PSP model provides a
more accurate description of the measured data, but due to its relatively new introduction the BSIM option con-
tinues to be the default model for the SBC18 design kit. As such, all subsequent model validation plots refer to
the model playbacks using the BSIM option.

2.3.1 “Golden” die selection

A rigorous Quality Assurance (QA) methodology was used to select the “golden” die on which detailed mea-
surements are performed and the model parameters extracted. Electrical specifications (E-spec) such as
threshold voltage, saturation current, body constant were measured over multiple die to select the die closest
to the E-spec of the technology. The geometry dependence of these parameters was also plotted to ensure a
clean set of measurements. The following checklist encompasses the measured data QA:

TABLE 2.2 Measured data QA checklist

Critical parameters (ldsat for the small and short device, Vth for
the 4 corners large, narrow, short, and small) vs. Electrical Speci-
fications within 5%

Plot Vth vs. Length and Width

Plot Vth vs. Temperature for large device

Plot Idsat vs. Length and Width

Plot Idsat vs. Temperature for short channel device
Plot Body constant vs. Length and Width

Plot Body constant vs. Temperature

Plot subthreshold slope (ST) vs. L and W

PROPRIETARY INFORMATION: NO DISSEMINATION OR USE ALLOWED WITHOUT PRIOR WRITTEN PERMISSION 18
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MOS MODEL

Any inconsistencies observed during the QA procedure results in either the deletion of the relevant measured
data point or a physical re-measurement of that parameter or sweep.

2.3.2 Thin gate-oxide model parameter extraction devices:

Thin gate-oxide device were measured using the Agilent IC-CAP characterization and modeling software.

Table 2.3 on page 19 lists the devices that were measured at 25C, 125C and -40C.

TABLE 2.3 List of sizes of the measured thin-oxide N and P FETs

W=10u L=0.18, 0.2, 0.22, 0.25, 0.3, 0.4, 0.6, 1, 2, 10um Large W, Scale channel length
L=10um W=0.22,0.3,0.4,0.6,1, 2u Large L, Scale channel width
W=0.22um L=0.18, 0.2um Small devices

L=0.18um W=0.3,0.4um Minimum L, scale channel width

Table 2.4 on page 19 lists the various characteristics measured for each of the FETs listed in Table 2.3 on

page 19.
TABLE 2.4 List of measured characteristics for thin-oxide FETs

Characteristic | Type Vps (V) Vas (V) Ves (V)

Id Vs. Vgs Threshold -Lin- | 0.05 -0.5 to 1.8, 50mV steps 0to-1.5,in -0.3V steps
ear

Id Vs. Vgs Threshold - 1.8 -0.2'to 1.8, 50mV steps 0to-1.5,in -0.3V steps
Saturation

Id Vs. Vds Output 0 to 1.8V, 50mV steps 0.6 to 1.8V, 0.3 V steps 0

Id Vs. Vds Output with 0to 1.8V, 50mV steps 0.6 t0 1.8V, 0.3 V steps -1.5
back bias

2.3.3 Dog-bone effect for thin gate-oxide devices

The SBC18 design rules allow a minimum drawn standard FET width of 0.22um. FETs with W
smaller than 0.42um require a dog-bone layout to make contact with the source/drain regions.
The effective width of the narrow FETs (W < 0.42um) increases as a result of the dog-bone lay-
out. This effect is dominant for small channel lengths (L < 0.6um). To account for the increase in
Weff, AW was gradually reduced for dog-boned FETs for small channel lengths by using the
BSIM3v3 parameters WL and WW in Eq. 2:

AW = WINT +

WL

Ww WWL

WLN

L

WLN

+
L

WLN WLN
x W

(EQ2)

SEM micrographs of the small device (W/L=0.22/0.18um) with varying active-shoulder edge to gate-poly edge
spacing are shown in Figure 2.2. The impact of shrinking the gate-poly edge to active edge spacing from
0.2um to the minimum design rule can be clearly seen in the measured Weff values that increase from 0.17um
to 0.22um. This can result in a large spread in the measured values of the saturation current (Idsat) for these
devices. These are captured in the corner E-specs of this parameter for the small devices.

No dog-bone layout is required for thick-oxide FETs, even with minimum channel width of 0.4um.

19
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FIGURE 2.2 Schematic of layout and SEM micrographs showing impact of dog-bone on Weff.

0.1um !I! I - Active 0.2um 1
| |
I 1 Poly

Measured Weff =0.22um Measured Weff =0.17um

2.3.4 Thick gate-oxide (3.3V) model parameter extraction devices:

TABLE 2.5 List of sizes of the measured thick-oxide (3.3V) N & P FETs

NFET

W=10um L=0.36, 0.38, 0.42, 0.5, 0.6, 0.8,1, 2, 10um Large W, Scale channel length
L=10um W=0.4,0.5,0.6,1, 2um Large L, Scale channel width
W=0.4um L=0.36, 0.38,0.42um Small devices

L=0.36um W=0.5,0.6um Minimum L, scale channel width
PFET

W=10um L=0.3, 0.32, 0.36, 0.42, 0.5, 0.6, 0.8,1, 2, 10um Large W, Scale channel length
L=10um W=0.4,0.5,0.6,0.8, 2um Large L, Scale channel width
W=0.4um L=0.32, 0.36um Small devices

L=0.3um W=0.5,0.6um Minimum L, scale channel width

Thick gate-oxide device were measured using the Agilent IC-CAP characterization and modeling software.
Table 2.5 on page 20 lists the devices that were measured at 25C, 125C and -40C. Table 2.6 on page 21 lists
the various characteristics measured for each of the FETs listed in Table 2.3 on page 19.

PROPRIETARY INFORMATION: NO DISSEMINATION OR USE ALLOWED WITHOUT PRIOR WRITTEN PERMISSION 20
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MOS MODEL
TABLE 2.6 List of measured characteristics for thick-oxide (3.3V) FETs
Characteristic | Type Vps (V) Vas (V) Ves (V)
Id Vs. Vgs Threshold - 0.05 0 to 3.3, 100mV steps 0 to -3, in -0.6V
Linear steps
Id Vs. Vgs Threshold - 3.3 0 to 3.3, 100mV steps Oto -3, in-0.6V
Saturation steps
Id Vs. Vds Output 0 to 3.3V, 100mV 0.55t0 3.3V, 0.55Vsteps | O
steps
Id Vs. Vds Output with | 0 to 3.3V, 100mV 0.55 to 3.3V, 0.55 V steps | -3
back bias steps

2.3.5 Thick gate-oxide (5.0V) model parameter extraction devices:

TABLE 2.7 List of sizes of the measured thick-oxide (5.5V) N & P FETs

NFET

W=10um L=0.6,0.7,0.8,0.9,1.4,1.9,9.9 um Large W, Scale channel length
L=9.9um W=0.6,0.8,1.2,2, 10 um Large L, Scale channel width
WxL 0.6 x0.7,0.7 x 0.7 um Small Devices

L=0.6um W=10um Minimum L, scale channel width
PFET

W=10um L=0.6,0.7,0.8,0.9,1,1.5,2, 10 um Large W, Scale channel length
L=10um W=0.6038,1,1.2,2,10um Large L, Scale channel width
WxL 0.6x0.6,0.7x0.8,0.8 x 0.6 um Small devices

L=0.6um W=0.6,0.8,1.2,10 Minimum L, scale channel width

Thick gate-oxide device were measured using the Agilent IC-CAP characterization and modeling software.
Table 2.7 on page 21 lists the devices that were measured at 25C, 125C and -40C. Table 2.8 on page 21 lists
the various characteristics measured for each of the FETs listed in Table 2.3 on page 19.

TABLE 2.8 List of measured characteristics for thick-oxide (5.5V) FETs

Characteristic | Type Vps (V) Vas (V) Ves (V)

Id Vs. Vgs Threshold - | 0.05 0 to 5, 50mV steps 0 to -4, in -0.8V
Linear steps

Id Vs. Vgs Threshold - 5 0 to 5, 50mV steps 0 to -4, in -0.8V
Saturation steps

Id Vs. Vds Output 0 to 5V, 50mV steps 1to 5V, 1V steps 0

Id Vs. Vds Output with | 0 to 5V, 50mV steps 1to 5V, 1V steps -4
back bias

NPB PS-0288 Revision: 13



Parameter Extraction

2.4 Parameter Extraction

2.4.1 IV parameters

BSIM3v3.2 model parameters were physically extracted using BSIM3 Modeling Package [1, 2]. Local optimiza-
tion of selected parameters to the appropriate regions of the measured device characteristics was performed
to better fit the measured data. RMS fitting errors were typically less than 1% on the Ip-Vpg curves and less
than 3% on the gq,-Vpg curves. Maximum fitting errors were typically less than 3% on the Ip-Vpg curves and
less than 15% on the gq,+-Vpg curves. RMS fitting errors were typically less than 1% on the Ip-Vgg curves and
less than 2% on the gn,-Vgg curves. Maximum fitting errors were typically less than 3% on the Ip-Vgg curves
and less than 5% on the g,-Vgg curves.

The temperature dependence of the model parameters was captured by using the relevant BSIM3v3 parame-
ters to fit the measured data at -40C and 125C. The large channel threshold voltage in the linear and saturation
regions, high field and back bias dependent mobility, the short channel threshold voltage and saturation cur-
rents, and the temperature dependence of the series drain/source resistances were fit to the measured data.

2.4.2 Capacitance parameters

Junction capacitances were measured for bottom, field sidewall, and channel sidewall intensive structures.
This capacitance was characterized for biases ranging from a small forward bias (0.2v) to a reverse bias equal
to 1.8v for the thin-oxide devices and 3.3v for the thick-oxide devices. The measured values were separated
into bottom (CJ), field sidewall (CJSW) and channel sidewall components (CJSWG) parameters by simulta-
neously solving the 3 equations.

The gate oxide capacitance was measured on two large area test structures. The first structure is a MOS
capacitor and allows the accumulation and depletion region CV parameters to be extracted. The second struc-
ture is a MOS transistor which allows the inversion region CV parameters to be extracted. The gate capaci-
tance was fitted by using CAPMOD=3 model in BSIM3v3.2. This model takes into account quantum
mechanical and poly depletion effects. The maximum error in fitting the intrinsic gate capacitances in inversion
was less than 3%.

The gate-to-source/drain overlap capacitances and their bias dependencies were measured on very wide
multi-finger FETs with 0.18um (for standard devices) or 0.36um (for thick gate-oxide devices) channel lengths.
The gate overlap capacitance is a function of both the gate to source/drain bias, and the substrate bias. Only
the gate to source/drain bias dependence is currently modeled in BSIM3v3.2.

The accuracy of the extracted capacitance parameters for the thin and thick-oxide FETs was verified by match-
ing the measured delay times of a set of 10 ring-oscillators for each device type. The measured and simulated
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delay/stage for various ring-oscillator configurations are shown for the low and high voltage FETs in Table 2.9
on page 23.

TABLE 2.9 Ring oscillator delay/stage.

Measured Simulated
delay/stage delay/stage
Transistor Ring Osc. load (ps) (ps)
1p8v No load 44.6 435
2x N-gate 142.0 149.6
5x N-gate 177.3 183.9
2x P-gate 153.9 152.9
5x P-gate 179.8 194.6
3p3v No load 82.3 80.5
2x N-gate 204.3 203.0
5x N-gate 238.6 239.0
2x P-gate 179.3 202.8
5x P-gate 244 .4 246.3

The model parameter set fitted to the measurements is referred to as the “measured” case.

2.5 CMOS Verification Plots

The simulated IV and CV characteristics of the various MOSFETs are compared with the measured data in
Figures 2.3 through 2.78. The device description is included in the figure caption and has the format of
“max_operating_voltage_fetType WxL_plotType_temperature”. For e.g. 1p8v_nfet_10x0p18_idvg_25C refers
to the Idrain Vs. Vgate characteristic at 25C of a thin oxide NFET with W=10um and L=0.18um.

There are 6 different CV plots showing the MOSFET capacitances. The top 3 plots are for junction capacitance
from area, perimeter, and perimeter-under-gate intensive structures. The bottom-left plot is for the oxide
capacitance from a pure MOS capacitor, where as the bottom-middle plot is the oxide capacitance in a large
area MOSFET. Finally, the bottom-right plot is for a large channel width transistor with the bulk floating and
captures the overlap capacitance from gate to source/drain.

The IV plots show the threshold and output characteristics of the MOSFET. There are 2 plots to show how the
threshold voltage changes with width (top plot) and length (bottom plot) for various body to source voltages
ranging from OV to 1.5V. There are also a set of 6 threshold curve plots, for Id vs. Vgs. in the linear region (top-
left), Id V's. Vgs in the saturation region (top-middle), and sub-threshold Id Vs. Vgs (top-right). The transcon-
ductance in the linear region (bottom left), transconductance in the saturation region (middle-right), and the
substrate current vs. gate bias in saturation are shown in the second row. The output curves are a set of 4
plots: Id vs. Vds (top-left), Id vs.Vds with back-bias (top-right), and gds vs. Vds (bottom-left), and gds vs. Vds
with back-bias (bottom-right).

Finally, the blue-circles are the measured data, and solid red lines are the BSIM model prediction.
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FIGURE 2.3 1p8_nfet_cv_25C
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FIGURE 2.4 1p8v_nfet_vtVsL_25C
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CMOS Verification Plots

FIGURE 2.6 1p8v_nfet_10x10_idvg_25C
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FIGURE 2.8 1p8v_nfet_10x0p18_idvg_25C
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CMOS Verification Plots

FIGURE 2.10 1p8v_nfet_0p22x10_idvg_25C
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FIGURE 2.12 1p8v_nfet_0p22x0p18_idvg_25C - isolated “non-dogbonned” structure
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CMOS Verification Plots

FIGURE 2.14 1p8v_nfet_0p4x0p18_idvg_25C
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FIGURE 2.16 1p8v_nfet_10x0p25_idvg_25C
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FIGURE 2.18 1p8v_nfet_10x0p18_idvg_-40C
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FIGURE 2.20 1p8v_nfet_10x0p18_idvg_125C
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FIGURE 2.22 1p8_pfet_cv_25C
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FIGURE 2.23 1p8v_pfet_vtVsL_25C
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FIGURE 2.25 1p8v_pfet_10x10_idvg_25C
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FIGURE 2.27 1p8v_pfet_10x0p18_idvg_25C
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FIGURE 2.29 1p8v_pfet_0p22x10_idvg_25C
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FIGURE 2.31 1p8v_pfet_0p22x0p18_idvg_25C - isolated “non-dogbonned” structure
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FIGURE 2.33 1p8v_pfet_0p4x0p18_idvg_25C
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FIGURE 2.35 1p8v_pfet_10x0p25_idvg_25C
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FIGURE 2.37 1p8v_pfet_10x0p18_idvg_-40C
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FIGURE 2.39 1p8v_pfet_10x0p18_idvg_125C
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FIGURE 2.41 3p3_nfet_cv_25C
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FIGURE 2.42 3p3v_nfet_vtVsL_25C
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FIGURE 2.44 3p3v_nfet_10x10_idvg 25C
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FIGURE 2.46 3p3v_nfet_10x0p36_idvg_25C
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FIGURE 2.48 3p3v_nfet_0p4x10_idvg 25C
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FIGURE 2.49 3p3v_nfet_0p4x10_idvd_25C

Vdrain (V)
gds Vs Vdrain (Vbulk=-3)

Vdrain (V)

gds Vs Vdrain (Vbulk=0) "

gds (A)

4 0 1 2 3 4
Vdrain (V) Vdrain (V)

PROPRIETARY INFORMATION: NO DISSEMINATION OR USE ALLOWED WITHOUT PRIOR WRITTEN PERMISSION



TON=R/aT

FIGURE 2.50 3p3v_nfet_0p4x0p36_idvg_25C
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FIGURE 2.52 3p3v_nfet_0p6x0p36_idvg_25C
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FIGURE 2.53 3p3v_nfet_0p6x0p36_idvd_25C
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FIGURE 2.54 3p3v_nfet_10x0p6_idvg 25C

Vdrain=pg?% n10.00ux600.0nx1_25.00 , 15 Vdrain=3.3 0 Vdrain=0.05
3 5 10 T
3
24
4 0 2 4
Vgate (V) Vgate (V) Vgate (V)
x 107 Vdrain=0.05 x107° Vdrain=3.3 x 107° Vdrain=3.3
8 :

gm (A)
abs(Ib) (A)

Vagate (V) Vagate (V) Vgate (V)
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FIGURE 2.56 3p3v_nfet_10x0p36_idvg_-40C
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FIGURE 2.58 3p3v_nfet_10x0p36_idvg_125C
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CMOS Verification Plots

FIGURE 2.60 3p3_pfet_cv_25C

55x10’11 x10”" x10"
T A=62:5nm?;P=1mm A=39.6nm"; P=49.82mm Tran. W=55mm;A=54.2nm-
5t : :
6
w 33 ©
" 45 ’ i
o o o
8 8 g®
= 4 = 3 =
S S S 4
225 18 jE
3 3 25) 3
3 3
25 2
2 -2

Vbd (V)

-10
x10
Tran. W=250um; L=11(qu

1.4 .

1.6

3

1.2 .

Oxide Gapacitance (F)
Oxide Capacitance (F)
Overlap Capacitance (F)

Cap. W=250um, L=110um

0.4 : 0.6 .
-5 0 5 -9 0 5 -5 0 5

Vgate (V) Vgate (V) Vgate (V)

PROPRIETARY INFORMATION: NO DISSEMINATION OR USE ALLOWED WITHOUT PRIOR WRITTEN PERMISSION 54



TON=R/aT

FIGURE 2.61 3p3v_pfet_vtVsL_25C
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FIGURE 2.63 3p3v_pfet_10x10_idvg_25C
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FIGURE 2.65 3p3v_pfet_10x0p3_idvg_25C
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FIGURE 2.67 3p3v_pfet_0p4x10_idvg_25C
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FIGURE 2.69 3p3v_pfet_0p4x0p3_idvg_25C
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FIGURE 2.71 3p3v_pfet_0p6x0p3_idvg_25C
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FIGURE 2.73 3p3v_pfet_10x0p6_idvg_25C
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FIGURE 2.75 3p3v_pfet_10x0p3_idvg_-40C
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FIGURE 2.77 3p3v_pfet_10x0p3_idvg_125C
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FIGURE 2.79 5p0_NFET_cv
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FIGURE 2.81 5p0_NFET_vtVsW_25C

Vt. Vs. W for Length = 9.9e-06 um

1.8 T T
O Measured
= Model
1.6 b
o © °
Q/,
141 o0 ° ° =
——
o © ©° 0
1.2 _
=
s o o o —°
1k i
o [0]
Q— .2 o
0.8 -
06l o © o (o] [0}
04 7 ‘ ‘ ‘ — 6 T
10° 10° 10°
Width (m)
FIGURE 2.82 5p0_NFET_10x9p9_idvd_25C
x 107 1d Vs Vdrain (Vbulk=0v) x107* Id Vs Vdrain (Vbulk=—4v)
8
6
4
- 4 —
< <
ke 2 2 5
0
0
-2
0 1 2 3 4 5 0 1 2 3 4 5
Vdrain (V) Vdrain (V)
2 gds Vs Vdrain (Vbulk=0v) 0 gds Vs Vdrain (Vbulk=—4v) n10.00ux9.900ux1_25
10~ 10
107
g
< q0°
(72}
el
(o)}
107
107"° 107"
0 1 2 3 4 5 0 1 2 3 4 5
Vdrain (V) Vdrain (V)

65 NPB PS-0288 Revision: 13



CMOS Verification Plots

FIGURE 2.83 5p0_NFET_10x9p9_idvg_25C
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FIGURE 2.85 5p0_NFET_10x0p6_idvg_25C
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CMOS Verification Plots

FIGURE 2.87 5p0_NFET_0p6x9p9_idvg_25C
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FIGURE 2.89 5p0_NFET_0p6x0p7_idvg_25C
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FIGURE 2.91 5p0_NFET_0p7x0p7_idvg_25C
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MOS MODEL
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CMOS Verification Plots

FIGURE 2.95 5p0_NFET_10x0p6_idvg_-40C
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FIGURE 2.97 5p0_NFET_10x0p6_idvg_125C
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FIGURE 2.99 5p0_PFET_vtVsL_25C
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FIGURE 2.101 5p0_PFET_10x10_idvd_25C
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FIGURE 2.103 5p0_PFET_10x0p6_idvd_25C
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MOS MODEL
FIGURE 2.105 5p0_PFET_0p6x10_idvd_25C
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CMOS Verification Plots

FIGURE 2.107 5p0_PFET_0p6x0p6_idvd_25C
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FIGURE 2.109 5p0_PFET_0p7x0p8_idvd_25C
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FIGURE 2.111 5p0_PFET_10x0p8_idvd_25C
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MOS MODEL
FIGURE 2.113 5p0_PFET_10x0p6_idvd_-40C
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CMOS Verification Plots

FIGURE 2.115 5p0_PFET_10x0p6_idvd_125C
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2.6 Statistical and corner models

Statistical models are generated by specifying 1-c variations of appropriate model parameters. These vari-
ances are generated via a physically based and robust mathematical approach called the “Backward Propaga-
tion of Variance (BPV). [3]” The BPV approach is defined by Eq. 3:

2
6’ = % G’ EQ 3
¢ T ) O (EQ3)
k
de;
where G, is the standard deviation of the it Electrical Specification (E-spec), —— is the partial derivative of

the E-spelc w.r.t. to the k™ model parameter, and G, is the standard deviation o?fhe model parameter that
being solved for. The E-specs for this technology are extracted from Process Control Monitoring (PCM) data
and are defined in Jazz document NPB-PS-0267 titled “Electrical Parameters of the SBC18 Processes.” This
process is termed as the backward propagation of variance, as it takes measurements in variances (E-specs)
of important electrical quantities and then calculates the variances in the model process parameters that are
necessary to fit the spread in the measured data, rather than taking the measured variations in the model pro-
cess parameters and forward propagating them to predict the variations in G, . Conventional statistical model-
ing approaches are typically forward propagated, and do not guarantee consistency between model and E-
spec corners and miss the real goal of statistical modeling.

The set of partial derivatives on the RHS of Eq. 3 represent the sensitivity matrix of the extracted model, and
are directly evaluated using a circuit simulator such as Spectre. These derivatives can depend on the Apk val-
ues chosen to approximate Spk. A global optimizer is used to minimize any error associated with the sensitiv-
ity matrix evaluation. The maximum deviation between the E-spec. and simulator prediction for the SLOW,
NOM, and FAST corners is 1/2-c, where 6-c is the total range from the minimum to the maximum value of the
E-spec. Typically, this corresponds to < 2% deviation of the model prediction w.r.t the E-spec. Statistical model
predictions for the various flavors of FETs in this technology are shown in Tables 2.13 through 2.186.

The statistical model allows un-correlated variations in oxide thickness, flat-band voltage (from oxide-charge
and gate work-function), and channel doping as per Eqg. 4 and Eq. 5 to impact threshold voltage (BSIM3v3
parameter VTHO). Additionally, the channel doping and oxide thickness are used for the body effect (BSIM3v3
parameter K1) evaluation as per Eqg. 6 and Eq. 7.

N, T N
VTHO = VFB+2]%qzln—£ﬁ+EﬂA/2q'Esi'Nch'21';11“‘_6& (EQ4)
n; ox n;
AVTHO = AVFB+_O_VTHO- AN, + O VTHO - AT (EQ5)
oN oT ot
ch ox

T

Kl = Ox‘ ¢ZQ'ESi'NCh (EQ6)

ox

&>
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Statistical and corner models

d 0
AKl = % K1-AN,, +
ON,_, <h 9T

ox

K1-AT,, (EQ7)

The geometry dependence of the threshold voltage and body constant is captured by specifying un-correlated
variations in the relevant BSIM3v3 parameters such as K3 (narrow width Vth), K3B (body effect in narrow
device), DVTO (short channel Vth), and DVT2 (body effect of short channel device).

The global variation in active dimensions (active_cd) is propagated into the W calculation of FETs to be con-
sistent with other active or passive devices in the circuit. Similarly, global process variations in the gate poly
length (poly_cd) are propagated into L4 calculations. Additionally, the Loy depends on the variation in the lat-
eral spread of the LDD (Lightly Doped Drain) under the gate. Oxide thickness and L variations are physically
propagated into overlap capacitance variation.

The extraction of statistical variations of model parameters is preceded by “Centering” process of the “mea-
sured” case. This is described in Section 2.6.1.

2.6.1 Centering within the BPV Framework

The measured case was “centered” to the E-specs of threshold voltage, body constant, and saturation currents
for the devices listed in the E-specs. This is an important part of the model release methodology and generates
a nominal model that is aligned to the nominal E-specs of the technology.

The centering is performed using the statistical modeling approach defined in the beginning of Section 2.6 by
modifying Eq. 3 as:

de;

Ae; = zapk -Apy (EQ8)
k

de;

where Ael— is the difference between the measured case prediction of the E-spec and nominal E-spec, —is
the partial derivative of the e-spec w.r.t the relevant model parameter, and Ap, is the shift in the model pgﬂém-
eter needed to center the measured case to the E-spec. Typical shift in model parameters required to center
the measured case are less than 1%, and represent a statistically valid and unique set of shifts in model
parameters that are perfectly aligned with the “nominal” process targets of the Fab. It should be noted that
these E-specs are targets that the fab continually tries to match, with the results being regularly reported in the
form of CPK charts.

2.6.2 Corner model generation

Corner models are generated via an approach identical to the centering model methodology described in
Section 2.6.1 on page 84. The E-spec corners are used to calculate the E-spec delta on the LHS of Eq. 8,
which is then solved for the required model parameter shift on the RHS. The maximum allowable deviation
between the E-spec. and the model prediction is 1/2-6, where 6-c is the total range from the minimum to the
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maximum value of the E-spec. Typically, this corresponds to < 2% deviation of the model prediction w.r.t the E-
spec.

The variation in junction area capacitance CJ is +/-5% in corner cases. The junction sidewall capacitance
CJSW and gate edge sidewall capacitance CJSWG are skewed for the corner cases by +/- 10% for both FET
and diode models.

Conventional corner modeling approaches are typically forward propagated, where measured model parame-
ter deItas(Apk in Eq. 8) are used to predict spreads in key electrical properties of the FETs and do not guaran-
tee consistency between corner models and E-spec corners. The extracted corner model parameters for thin
and thick oxide FETs are shown in Tables 2.10 and 2.11, respectively.

See Section 15.0 for further explanation of the device interdependencies in the corner models and use of the
X-Sigma corner models.

TABLE 2.10 Corner model parameters for thin-oxide FETs

NFET PFET
BSIM3v3
Parameter Description SLOW NOM FAST SLOW NOM FAST
cgd! (F/m) High Vgs D-S ovlp. 2.88E-10 2.99E-10 3.23E-10 1.46E-10 1.50E-10 1.56E-10
cgdo (F/m) G-D ovlp. cap. 1.18E-10 1.22E-10 1.31E-10 2.13E-10 2.20E-10 2.28E-10
cgsl (F/m) High Vgs G-S ovlp. 2.88E-10 2.99E-10 3.23E-10 1.46E-10 1.50E-10 1.56E-10
cgso (F/m) G-S ovlp. cap. 1.18E-10 1.22E-10 1.31E-10 2.13E-10 2.20E-10 2.28E-10
¢j (F/m?) Bottom junc. cap 1.10E-03 1.06E-03 1.02E-03 8.95E-04 8.57E-04 8.18E-04
cjsw (F/m) Sidewall junc. cap. 2.07E-10 2.01E-10 1.94E-10 6.27E-11 6.00E-11 5.73E-11
cjswg (F/m) Sidewall under gate junc. cap. | 5.80E-10 5.61E-10 5.41E-10 5.01E-10 4.80E-10 4.58E-10
dic (m) AL for cap. model 3.43E-08 3.74E-08 4.09E-08 3.57E-08 3.99E-08 4.42E-08
dlcig (m) S-D overlap L for Igs and Igd 7.95E-09 1.11E-08 1.46E-08 3.57E-08 3.99E-08 4.42E-08
dvt0 First Narrow W co-efficient -1.31E+00 1.53E+00 4.02E+00 3.91E-01 1.10E+00 1.44E+00
dvi2 (1/V) Body effect in short channel NA NA NA -3.25E-02 -7.08E-02 -2.68E-01
dwce (m) AW for cap. model 6.14E-08 3.85E-08 1.61E-08 2.32E-08 9.74E-09 -2.91E-09
k1 (V172) Body constant 3.83E-01 3.61E-01 3.40E-01 6.83E-01 6.37E-01 5.92E-01
k3 Narrow W co-efficient -7.94E+00 | -1.39E+01 | -1.98E+01 | -8.41E-01 -2.03E+00 | -3.90E+00
k3b (1/V) Body effect of K3 3.80E-02 3.16E+00 6.18E+00 1.10E+00 3.44E+00 4.26E+00
lint (m) AL 7.95E-09 1.11E-08 1.46E-08 3.57E-08 3.99E-08 4.42E-08
rdsw (©-mm) D-S series resistance 3.85E+01 3.80E+01 3.62E+01 1.09E+03 1.09E+03 1.08E+03
tox (m) Oxide thickness 3.95E-09 3.85E-09 3.75E-09 3.86E-09 3.76E-09 3.66E-09
toxm (m) Tox value at param. extraction | 3.95E-09 3.85E-09 3.75E-09 3.86E-09 3.76E-09 3.66E-09
u0 (cm?/Vs) Low field mobility 2.73E+02 | 2.89E+02 | 3.05E+02 | 9.00E+01 | 9.13E+01 | 9.26E+01
vbox (V) Oxide breakdown threshold 1.18E+01 1.16E+01 1.12E+01 1.16E+01 1.13E+01 1.10E+01
vthO (V) Long channel threshold 3.91E-01 3.53E-01 3.14E-01 -4.64E-01 -4.05E-01 -3.47E-01
wint (m) AW 6.14E-08 3.85E-08 1.61E-08 2.32E-08 9.74E-09 -2.91E-09
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TABLE 2.11 Corner model parameters for thick-oxide (3.3V) FETs

Statistical and corner models

N3P3FET P3P3FET
BSIM3v3
Parameter Description SLOW NOM FAST SLOW NOM FAST
cgdl (F/m) High Vgs D-S ovlp. 1.65E-10 | 2.10E-10 | 2.57E-10 1.07E-10 1.12E-10 1.18E-10
cgdo (F/m) G-D ovlp. cap. 8.26E-11 1.05E-10 | 1.29E-10 | 2.43E-10 | 2.55E-10 | 2.68E-10
cgs! (F/m) High Vgs G-S ovlp. 1.65E-10 | 2.10E-10 | 2.57E-10 1.07E-10 1.12E-10 1.18E-10
cgso (F/m) G-S ovlp. cap. 8.26E-11 1.05E-10 1.29E-10 2.43E-10 2.55E-10 2.68E-10
G (F/m2) Bottom junc. cap. 9.58E-04 8.59E-04 7.61E-04 7.48E-04 7.24E-04 7.01E-04
cjsw (F/m) Sidewall junc. cap. 1.92E-10 1.72E-10 1.52E-10 1.07E-10 1.03E-10 1.00E-10
cjswg (F/m) Sidewall under gate junc. cap. | 3.87E-10 3.47E-10 3.07E-10 3.30E-10 3.19E-10 3.09E-10
dlc (m) AL for cap. model 3.16E-08 4.41E-08 5.65E-08 6.93E-08 7.47E-08 8.02E-08
dlcig (m) S-D overlap L for Igs and Igd 3.16E-08 4.41E-08 5.65E-08 5.83E-08 6.37E-08 6.92E-08
dvto First Narrow W co-efficient 7.60E+00 8.10E+00 9.07E+00 5.76E-01 2.17E+00 3.78E+00
dvt2 (1/V) Body effect in short channel 1.11E-01 9.19E-02 6.84E-02 -1.20E-01 -8.41E-02 -6.60E-02
dwc (m) AW for Cap. model 1.85E-08 1.10E-08 4.56E-09 -2.47E-09 -1.42E-08 -2.57E-08
k1 (V1/2) Body constant 5.53E-01 4.82E-01 4.16E-01 9.81E-01 9.24E-01 8.71E-01
k3 Narrow W co-efficient NA NA NA -3.18E+00 | -3.22E+00 | -3.63E+00
k3b (1/V) Body effect of K3 NA NA NA 8.71E-01 1.18E+00 2.39E+00
lint (m) AL 3.16E-08 4.41E-08 5.65E-08 5.83E-08 6.37E-08 6.92E-08
rdsw (Q-mm) D-S series resistance 7.41E+02 6.22E+02 5.03E+02 2.13E+03 2.08E+03 2.03E+03
tox (m) Oxide thickness 6.89E-09 6.71E-09 6.53E-09 6.89E-09 6.71E-09 6.53E-09
toxm (m) Tox value at param. extraction | 6.89E-09 6.71E-09 6.53E-09 6.89E-09 6.71E-09 6.53E-09
uo (cm2/Vs) Low field mobility 3.74E+02 3.84E+02 3.93E+02 9.23E+01 9.83E+01 1.04E+02
vthO (V) Long channel threshold 6.58E-01 6.10E-01 5.62E-01 -8.58E-01 -7.89E-01 -7.21E-01
wint (m) AW 1.85E-08 1.10E-08 4.56E-09 -2.47E-09 -1.42E-08 -2.57E-08
TABLE 2.12 Corner model parameters for thick-oxide (5.0V) FETs
NFET PFET
BSIM3v3
Parameter Description SLOW NOM FAST SLOW NOM FAST
tox (m) Oxide thickness 1.42E-08 1.34E-08 1.26E-08 1.45E-08 1.37E-08 1.29E-08
vth0 (V) Long channel threshold 7.28E-01 6.31E-01 5.33E-01 -9.09E-01 -8.12E-01 -7.15E-01
cgsl (F/m) High Vgs G-S ovlp. 4.00E-10 | 4.00E-10 | 4.00E-10 | 1.52E-10 | 1.52E-10 | 1.52E-10
cgdl (F/m) High Vgs D-S ovlp. 4.00E-10 | 4.00E-10 | 4.00E-10 1.52E-10 1.52E-10 1.52E-10
cgso (F/m) G-S ovlp. cap. 4.93E-11 4.93E-11 4.93E-11 4.50E-11 4.50E-11 4.50E-11
cgdo (F/m) G-D ovlp. cap. 4.93E-11 4.93E-11 4.93E-11 4.50E-11 4.50E-11 4.50E-11
nix (m) Short channel Vt 8.87E-08 8.87E-08 8.87E-08 2.32E-10 2.32E-10 2.32E-10
lint (m) AL 3.27E-08 7.13E-08 1.04E-07 7.37E-08 8.75E-08 9.98E-08
k1 (V123 Body constant 8.61E-01 7.52E-01 6.44E-01 7.50E-01 6.40E-01 5.30E-01
k3 Narrow width co-efficient -2.35 -2.73 -2.96 -1.14 -1.23 -1.34
k3b (1/V) Body effect of K3 5.37E-01 5.74E-01 6.66 1.55 1.72 1.94
cjsw (F/m) Sidewall junc. cap. 1.29E-10 1.18E-10 1.06E-10 1.21E-10 1.10E-10 9.86E-11
cjswg (F/m) Sidewall under gate junc. cap. 3.03E-10 2.75E-10 2.48E-10 1.53E-10 1.39E-10 1.25E-10
¢j (F/m3) Bottom junc. cap 8.62E-04 | 7.83E-04 | 7.05E-04 | 7.75E-04 | 7.05E-04 | 6.34E-04
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TABLE 2.12 Corner model parameters for thick-oxide (5.0V) FETs

NFET PFET
BSIM3v3
Parameter Description SLOW NOM FAST SLOW NOM FAST
u0 (cm2/VS) Low field mobility 3.79E+02 3.98E+02 4.12E+02 1.20E+02 1.31E+02 1.41E+02
rdsw (Q-um) Drain/source series resistance | 4.42E+02 4.42E+02 4.42E+02 1.89E+03 1.89E+03 1.89E+03
wint (m) AW 6.46E-08 3.81E-08 2.54E-08 2.12E-08 1.48E-09 -2.11E-08
avt2 (1/V) Body effect in short channel -1.27E-02 -4.42E-02 -1.04E-01 4.32E-02 -2.46E-02 -9.27E-02

2.6.3 Statistical model usage guidelines

In contrast to the corner models, the statistical models allow “multi-directional” variability in model parameters.
For a sufficient number of monte-carlo runs these simulation results converge to the measured (E-spec.) 3-¢
variation in key MOSFET device properties (such as Idsat, Vth) and in most cases represent a more accurate
prediction (over corner models) of expected impact of process variations on circuit-level figures of merit. The
statistical model is currently supported only in Spectre, which provides the needed framework for statistical
modeling. The “process-only” variation option should be selected when setting up statistical model run. This
represents the expected functional yield (non-defect related) that can be expected for the particular design
split. The “numruns” (number of runs) in monte-carlo analysis is an important parameter that controls the accu-
racy of the statistical model prediction. For single transistor level simulations of Vth, Idsat, and body constant a
value of a 100 runs gives reasonably stable results. The user should check the mean value of the circuit-level
figure of merit that is being simulated and compare it to nominal simulation and decide whether to increase or
decrease this value.
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2.6.4 Statistical and corner model tables

TABLE 2.13 1.8v NFET corner and statistical model predictions

Statistical and corner models

Slow Nom Fast
Espec Name
Device | WxL(um) | (unit) Espec | Corner | Stat Espec | Corner | Stat Espec | Corner | Stat
small 0.22x0.18 | vt (V) 0.510 0.512 0.483 0.390 0.388 0.390 | 0.270 0.282 0.297
small 0.22x0.18 | idsat (mA) 0.080 0.087 0.082 0.140 0.141 0.141 0.200 0.207 0.200
small 0.22x0.18 | kp (V0-5) 0.370 0.455 0.419 0.270 0.306 0.310 | 0.170 0.191 0.201
short 10x0.18 vt (V) 0.570 0.568 0.570 0.490 0.490 0.491 0.410 0.412 0.412
short 10x0.18 idsat (mA) 5.100 5.099 4.960 6.000 5.999 5.960 | 6.900 7.020 6.960
short 10x0.18 kb (VO-S) 0.390 0.392 0.418 0.320 0.323 0.326 | 0.250 0.256 0.234
large 10x10 vt (V) 0.390 0.390 0.392 0.350 0.350 0.351 0.310 0.310 0.310
large 10x10 beta (uA/Vz) 130.00 | 129.90 131.0 143.00 | 142.90 144.0 | 156.00 | 156.90 157.0
large 10x10 kb (V0'5) 0.360 0.362 0.357 0.340 0.340 0.340 | 0.320 0.319 0.323
narrow 0.22x10 vt (V) 0.290 0.297 0.299 0.220 0.220 0.220 | 0.150 0.156 0.141
narrow 0.22x10 kb (V0-5) 0.350 0.360 0.343 0.280 0.279 0.278 | 0.210 0.217 0.213
TABLE 2.14 1.8v PFET corner and statistical model predictions
Slow Nom Fast
Espec Name
Device | WxL(um) | (unit) Espec | Corner | Stat Espec | Corner | Stat Espec | Corner | Stat
small 0.22x0.18 | vt (V) -0.510 -0.510 -0.510 | -0.390 | -0.411 -0.409 | -0.270 | -0.311 -0.308
small 0.22x0.18 | idsat (mA) -0.040 -0.042 -0.037 | -0.060 | -0.060 -0.060 | -0.080 | -0.082 -0.084
small 0.22x0.18 | kp (VO-S) 0.550 0.552 0.532 0.430 0.412 0.407 0.310 0.300 0.282
short 10x0.18 vt (V) -0.520 -0.517 -0.510 | -0.440 | -0.435 -0.434 | -0.360 | -0.358 -0.357
short 10x0.18 idsat (mA) -2.100 -2.110 -2.040 | -2.550 | -2.549 -2.540 | -3.000 | -3.048 -3.040
short 10x0.18 kb (VO-S) 0.590 0.594 0.611 0.510 0.524 0.526 0.430 0.421 0.441
large 10x10 vt (V) -0.460 -0.460 -0.461 | -0.400 | -0.400 -0.399 | -0.340 | -0.340 -0.337
large 10x10 beta (pA/VQ) 30.000 | 30.080 30.30 32.00 32.000 | 32.20 34.00 34.080 | 34.10
large 10x10 kb (VO-S) 0.570 0.571 0.571 0.530 0.530 0.529 0.490 0.491 0.487
narrow | 0.22x10 vt (V) -0.460 -0.458 -0.460 | -0.390 | -0.380 -0.378 | -0.320 | -0.298 -0.296
narrow | 0.22x10 Kb (VO5) 0.540 | 0.555 0.534 | 0.440 | 0.450 0.443 | 0.340 | 0.402 0.352
TABLE 2.15 3.3v NFET corner and statistical model predictions
Slow Nom Fast
Espec Name
Device | WxL(um) | (unit) Espec | Corner | Stat Espec | Corner | Stat Espec | Corner | Stat
small 0.6x0.36 idsat (mA) 0.285 0.311 0.309 0.360 0.373 0.374 | 0.435 0.454 0.439
short 10x0.36 vt (V) 0.700 0.695 0.702 0.600 0.604 0.605 | 0.500 0.492 0.508
short 10x0.36 idsat (mA) 5.000 4.705 4.620 6.000 5.589 5.600 | 7.000 6.742 6.580
short 10x0.36 kb (VO-S) 0.620 0.616 0.614 0.520 0.524 0.517 | 0.420 0.411 0.420
large 10x10 vt (V) 0.660 0.660 0.671 0.610 0.610 0.609 | 0.560 0.560 0.547
large 10x10 beta (pA/VQ) 85.000 | 89.220 89.900 | 90.000 | 95.050 95.70 | 95.000 | 101.20 102.0
large 10x10 kb (VO-S) 0.700 0.641 0.631 0.640 0.580 0.579 | 0.580 0.521 0.527
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TABLE 2.16 3.3v PFET corner and statistical model predictions
Slow Nom Fast
Espec Name
Device | WxL(um) | (unit) Espec | Corner | Stat Espec | Corner | Stat Espec | Corner | Stat
small 0.6x0.3 idsat (mA) -0.130 | -0.135 | -0.136 | -0.180 | -0.165 | -0.165 | -0.230 | -0.200 | -0.194
short 10x0.3 vt (V) -0.840 | -0.836 | -0.823 | -0.740 | -0.740 | -0.740 | -0.640 | -0.636 | -0.657
short 10x0.3 idsat (mA) -2.400 | -2.434 | -2.440 | -2.900 | -2.900 | -2.900 | -3.400 | -3.438 | -3.360
short 10x0.3 Kb (VO5) 0.940 | 0.946 0.970 | 0.840 | 0.844 0.844 | 0.740 | 0.741 0.718
large 10x10 vt (V) -0.860 | -0.860 | -0.860 | -0.790 | -0.790 | -0.788 | -0.720 | -0.720 | -0.716
large 10x10 beta (WA/V?) | 17.500 | 17.580 | 17.80 | 19.50 | 19.510 | 19.80 | 21.50 | 21.580 | 21.800
large 10x10 Kb (VO5) 0.960 | 0.961 0.958 | 0.910 | 0.910 0.906 | 0.860 | 0.861 0.854
TABLE 2.17 5.0v Thick-oxide NFET corner and statistical model predictions
Slow Nom Fast
Espec Name
Device | WxL(um) | (unit) Espec | Corner | Stat Espec | Corner | Stat Espec | Corner | Stat
large 10x10! beta® (WA/V?) | 47 47.02 471 53 53.08 53.2 59 59 59.4
large 10x10! kb? (VO-9) 0.77 0.77 0.766 | 0.67 0.669 0.668 | 0.57 0.57 0.57
large 10x10" vi? (V) 0.74 0.74 0.735 | 0.64 0.64 0.64 | 0.54 0.54 0.545
small 0.6x0.7 idsat? (mA) 0.25 0.251 0.248 | 0.33 0.333 0.334 | 0.41 0.413 0.42
short 10x0.6 idsat' (mA) 4.4 4.417 4.47 5.2 5.199 5.21 6 6.014 5.95
short 10x0.6 kb? (V0-5) 0.64 0.641 0.65 0.52 0.519 0515 | 0.4 0.402 0.38
short 10x0.6 vt! (V) 0.75 0.755 0.756 | 0.65 0.652 0.649 | 0.55 0.555 0.542
TABLE 2.18 5.0v Thick-oxide PFET corner and statistical model predictions
Slow Nom Fast
Espec Name
Device | WxL(um) | (unit) Espec | Corner | Stat Espec | Corner | Stat Espec | Corner | Stat
large 10x10 beta? (uA/V?) 11 11.05 11 13 13 13 15 15.06 15
large 10x10 kb? (VO-9) 0.64 0.64 0.641 0.54 0.54 0.54 0.44 0.44 0.439
large 10x10 vi? (V) -0.91 091 | -0912 | -0.81 -0.81 -0.811 | -0.71 -0.71 -0.711
small 0.6x0.6 idsat® (mA) -0.125 | -0.127 | -0.122 | -0.17 | -0.168 | -0.168 | -0.215 | -0.218 | -0.215
short 10x0.6 idsat! (mA) 2.1 2118 | -2.08 2.6 -2.601 2.6 -3.1 3117 | -3.12
short 10x0.6 kb? (V0-5) 0.59 0.591 | 0585 | 0.44 0.44 0.437 | 0.29 0.29 0.289
short 10x0.6 vt! (V) -0.87 | -0.869 | -0.874 | -0.77 -0.77 -0.77 | -0.67 -0.67 | -0.666

2.7 Mismatch models

2.7.1 Measurements

The measurement setup is composed of a HP4156 Semiconductor Parameter Analyzer, Keithley 707 switch
matrix with 7172 low current matrix cards, and Signatone S485 semi-automatic prober with hot chuck. The test
is a two step process. In the first step, the average thresholds of the two transistors in the FET pair are mea-
sured via the maximum transconductance method. In the second step, the gate is biased at Vgs = Vgst =
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Mismatch models

Vi+0.1, 0.3, 0.5 and the currents in each transistor measured for multiple drain biases (Vds=0.2, 0.6, 1.4). The
mismatch current is then evaluated via Eq. 9:

I,-1
Al = 100 x 241 (EQ9)

Iy
The mismatch current represents the error between the currents in a simple current mirror. The transistors in
the mismatch test-structures are typically ~10um apart, representing a worst-case mismatch for most analog
layouts, where the transistors in the matched pair can be laid-out in closer proximity to each other.

A detailed description of MOSFET mismatch characterization methodology and results are available in Jazz
Semiconductor document NPB PS-0392 titled “Analog Characterization Report for SBC18.”

2.7.2 Mismatch modeling

The mismatch between neighboring FETs is a representation of the local variation of process parameters such
as oxide thickness, channel doping, oxide charge, gate work-function, channel length and width. The basic
equations used to model such variations are identical to what was described in the section “Statistical and cor-
ner models” on page 83. To match the measured data, these variations are made geometry dependent as per
Eqg. 10:

(e)
O pcallX) = —— (EQ 10)

NWepr Legr

where X is the channel doping N, , low field mobility U0, flat-band voltage VF B, or oxide thickness T, ..

The impact of local lithographic variations is captured via Eq. 11 and Eq. 12:

AW
o, (aw) = ZAW) (EQ 11)
N
AL
Clpeal(AL) = o(aL) (EQ 12)

NWesr

whereby a narrower device can be expected to have larger channel length variations, and a shorter device can
be expected to have larger channel width variations.

The local variation is these 6 parameters is extracted via a nonlinear least squares global optimization method
to best fit the measured data.

2.7.3 Mismatch model usage guidelines

The mismatch model is available in Spectre, which provides the necessary framework to model the local mis-
match between transistors. It is implemented inside the “sub-circuit” definition of the FETs allowing for
“instance to instance” variations in the process parameters. The “variations” variable inside Spectre should be
set equal to “mismatch.” Typically, ~100 monte-carlo runs are sufficient to accurately simulate the local-mis-
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match between the FETs. The user should, however, increase the “numruns” variable inside Spectre until the
improvement in the simulated results is small.

2.7.4 Mismatch model comparison with measurements

Figure 2.117 through Figure 2.120 compare the mismatch model prediction with the measured data for the 3-¢
Al ; mismatch between a pair of neighboring transistors for low and high voltage N and PFETs. The discrete

points are the measured data, while the solid lines represent simulated data.

FIGURE 2.117 1p8_nfet mismatch model vs. measurements
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FIGURE 2.118 1p8_pfet mismatch model vs. measurements
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FIGURE 2.119 3p3_nfet mismatch model vs. measurements
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FIGURE 2.120 3p3_pfet mismatch model vs. measurements
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FIGURE 2.121 5V_NFET mismatch model vs. measurements
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Flicker Noise

FIGURE 2.122 5V_PFET mismatch model vs. measurements
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2.8 Flicker Noise

2.8.1 Measurement

Flicker noise (1/f noise) was measured using the BTA9812A noise analyzer system in conjunction with the
HP35670A dynamic signal analyzer using an on-wafer probe-station. BTA's Noisepro software was used to
automate the measurements. Precautions were taken to electrically isolate the DUT and the RF-transistor
(Ground-Signal-Ground) layouts were used to minimize on-wafer ground loops that can corrupt the measure-
ments. Multi-die measurements with the MOSFET biased in saturation were performed to select the worst-
case noise site. Measurements were then performed at 9 different biases. The bias points, encompassing both
the linear and saturation regions of the FET, are illustrated in Figure 2.123.
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FIGURE 2.123 1.8V FET bias point example at which flicker noise measurements were performed
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2.8.2 Flicker noise modeling

Starting with model rev 6.0, the unified BSIM3v3 flicker noise model is supported. This model provides
increased flexibility to match the bias dependence of the flicker noise. The BSIM3va3 flicker noise model param-
eters NOIA, NOIB, and NOIC are extracted. Flicker noise measurements are compared with the model predic-
tions in Figures 2.124 through 2.135 for the 1.8v and 3.3v N and P-FET devices.
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FIGURE 2.124 1.8v_n1x10x0p18_flicker model vs. measurements
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FIGURE 2.125 1.8v_n1x10x0p3_flicker model vs. measurements
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FIGURE 2.126 1.8v_n1x2x0p18_flicker model vs. measurements
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FIGURE 2.128 1.8v_p1x10x0p3_flicker model vs. measurements

Vds=-0.5; Vgs=-0.8

1e-15
1e-16
1e-17
1e-18
1e-19
1e-20
1e-21

Vds=-0.5; Vgs=-1.3

Vds=-0.5; Vgs=-1.8

Te—15 i

1e-16

Te-17}:
1e-18

1e-19

16-20}s
4 {e-21

1e-15}
1e-16}
1e-17
1e-18}
1e-19
1e-20

10 100 1e3 1ed
Vds=-1.2; Vgs=-0.8

1ed 1

1e-21

10
Vds=-1.2; Vgs=-1.3

100 1e3 1e4 1eS 1

10

Vds=-1.2; Vgs=-1.8

100 1e3 1ed 1e5

—
53 1e-15 1e-15},
o~ le-16 18-16
< te-1? 1817
~  {e-18 1e-18
2 qe-19 1e-19
R 20 16-20 .
1e-21 Shilie e 1e-21 L : :
1 10 100 163 1e4 1e5 1 10 100 1e3 1e4 165 110 100 1e3 1e4 1e5
Vds=-1.8; Vgs=-0.8 Vds=-1.8; Vgs=-1.3 Vds=-1.8; Vgs=-1.8
1e-15 1 1e-15}: 1e-15
1e-16 1e-16 [ 18-16;
1e-17 1e-17 |y 1e-17};
16-18 1e-18 1e-18};
1619 1e—19 1819},
18-20 18-20 | 18-20},

1e-21

Al w2 qe-2d
1 10 100 1e3 1e4 1e5

Frequency (Hz)

T Jaloy
1 10 100 1e3 1ed 1e5 1

10

FIGURE 2.129 1.8v_p1x2x0p18_flicker model vs. measurements

1e-15 Te-155.
16-16 { 16186
1e-17 { 1e-17
16-18 { 1e-18:
1e-19 { 1e-19:
16-20 _ _
16-21 a 16-21
1 10 100 1e3 1ed 1e5
Vds=-1.2; Vgs=-0.8
~
N EEEES
T 1e-15 18-15
QT 1e-16 1e-16
< te-17 1e-17
N
= le-18 1e-18
A 1e-19 1e-19
16-20 16-20
1e-21 1e-21
1 10 100 1e3 1ed 165
Vds=-1.8; Vgs=-0.8
1o-15] .
1e-16
1e-17
16-18
1e-19
16-20
1e-21 == - b 1o
1 10 100 1e3 1ed 1e5

Vds=-0.5; Vgs=-0.8

{ 120 [

Vds=-0.5; Vgs=

1e-15

1e-19
1e-20

Vds=-1.2; Vgs=-1.3

1 10 100 1e3 1e4 1ed

1e-21

1e-15

Vds=-1.8; Vgs=-1.3

1 10 100 1e3 1ed 1ed

1e-21

1e-15

1e-19

Frequency (Hz)

o1 EERET SR R e 1e-21
1 10 100 1e3 1ed4 1ed

1e-16}
o 1e-17}
+ 1e-18}

1e-16}
1e-174
1e-18}
1e-19}
1e-201,

1e-16}
le-174
1e-18}

1e-20

Vds=-0.5; Vgs=-1.

8

100 163 1e4 1eS

1 10
Vds=-1.2; Vgs=-1

100 183 1e4
8

1e5

1 10

1 10 100 1e3 1e4 1ed

Flicker Noise

PROPRIETARY INFORMATION: NO DISSEMINATION OR USE ALLOWED WITHOUT PRIOR WRITTEN PERMISSION

98



TON=R/aT

FIGURE 2.130 3.3v_n1x10x0p36_flicker model vs. measurements
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FIGURE 2.132 3.3v_n1x2x0p36_flicker model vs. measurements
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FIGURE 2.133 3.3v_p1x10x0p36_flicker model vs. measurements
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FIGURE 2.134 3.3v_p1x10x0p6_flicker model vs. measurements
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FIGURE 2.136 5V NFET Flicker Noise; NFXWxL = 1x25umx0.6um
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2.9 Released model Quality Assurance (QA)

MOS MODEL

A rigorous QA procedure is executed before any new model release. The geometry dependence of 9 key

device parameters is examined for any non-physical behavior for all 3 cases: Nominal, Fast, and Slow. These

parameters are listed in Table 2.19 on page 103.

TABLE 2.19 MOSFET electrical parameter list examined as part of model release QA

Parameter Description

vt (V) Threshold voltage in the linear region
kb (V0-5) Body constant

idsat (mA) Drain current at Vgs=Vds=Vdd

st (mV/dec.)

Sub-threshold slope in the linear region evaluated
at Vgs=Vt/5

beta (WA/V?)

Extracted from the max. gm as:
1e6*(gm_max/2*abs(vd)), where abs(vd)=0.05 V is
the drain voltage to bias the trans. in the linear
region

gds (mhos) Output conductance in the saturation region evalu-
ated at Vgs=Vds=Vdd

Leff (um) Electrical channel length

Weff (um) Electrical channel width

ioff (A) Off-state leakage current at Vgs=0, Vds=Vdd

Figures 2.138 through 2.141 illustrate the geometry dependence of these 9 parameters for the thin and thick-
oxide N and P-FETs. For each devices 4 plots are generated as per Table 2.20 on page 103. The right-hand

most column in the table references the location of the plot. For e.g. the thin oxide NFET, electrical parameter
vs. channel length for the 10um wide device is on the top-right of Figure 2.138.

TABLE 2.20 MOSFET channel lengths and widths included as part of QA procedure

Variable dimension

Fixed dimension

Location on plots (Figure 2.138
through Figure 2.141)

Channel width (min. design rule < W < 10um

Channel length = Min. design rule

Channel length (min. design rule < L < 10um) Channel width = 10um Top-left

Channel length (min. design rule < L < 10um) Channel width = Min. design rule Top-right

Channel width (min. design rule < W < 10pum) Channel length = 10um Bottom-left
)

Bottom-right
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FIGURE 2.138 1p8_nfet_qga_plots
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FIGURE 2.139 1p8_pfet_qa_plots
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FIGURE 2.140 3p3_nfet_qga_plots
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FIGURE 2.141 3p3_pfet_qa_plots
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FIGURE 2.142 5V_NFET_ga_plots
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FIGURE 2.143 5V_PFET_qga_plots

Wt Vs, L (W=1.00e-05) Kb Vs. L (W=1.00e-05) Jqgat Vs. L (W=1.00e-05)
0

-06
-0.7 : %9_6_9_4 08 -
- = z
< 08 M> 206 e 9,
> 2 V aanad
0o Q b2 04 fe—e— 3
-1 " , 02 6 s 43 5 5
10 10 10° 10 10 10° 10 10 10
stVs. L (W=1.006-05) beta Vs. L (W=1.006-05) % 98s'Vs. L (W=1.00e-05)
300 400 1
& D
< 300
g 200 ;5
8 S 200
£ 100 3
E 3
P 2 100
0 0 3
= % s = = " s
10 1 10 10 10 1 1
, leftVs.L (®=1.000-05) ) faftvs. L W=1.00e-05)
— _ -5
E <
P e =
B 2 51
7
10 52
107 10° 10° 107 10° 10° 107
VtVs. W (L=1.00e-05) Kb Vs. W (L=1.006-05) 4id@at Vs. W (L=1.00e-05)
0
07 | 0Gb—giod 06 : W_‘ -05
& —
= D
2 o8 068—0—6-0 S 05 af’k&* 5 -1
s P I8
_09 Oe—o—o-—p 04 W—‘ 15
-1 -7 -6 -5 0.3 -7 -6 -5 -2 -7 -6 -5
10 10° 10 10 10° 10 10 10
stVs. W (L=1.00¢-05) beta Vs. W (L=1.00e-05) % 9657Vs. W (L=1.00e-05)
400 20
2 15 56
8 300 2 8
g 5\’ 310 Eq
5 ] 2
E 200 B o & 8
E b
z 0&\ 3 5 P
100 = 6 5 0 6 5 0 6 5
10 10 10 10 1 10 10, 1E 10
« Jeff%Vs. W (L=1.00e-05) W8P Vs. W (L=1.00e-05) ioff Vis. W (L=1.00¢-05)
9.86 15 1
984 | G
£
s
2 982
9.8
107 10° 10°

Nominal

Fast

Slow

Wt Vs. L (W=6.00e-07)

Kb Vs. L (W=6.00-07)

MOS MODEL

1idgat Vs. L (W=6.00e-07)

-05
-06 0
_ @ 06 oo 0 <
Z 07 k—e—&* s ) %
= S 04 faﬁ
08 VWo—o0 f/e—e— »
-0.9 "‘5 , 02 -
0 10° 107

[ 1
st Vs. L (W=6.00e-07)

107 10°° 107
beta Vs. L (W=6.00e-07)

10°° 10°
985V, L (W=6.00e-07)

T
g o0 g6
g g
Q 200 Eaq
s
E kol
= 100 52
@
0 0 0 D
107 1\?”5 10° 107 1\%" 10° 107 1\3"’ 10°
. leff Vs. L (W=6.00e-07) weff Vs. L (W=6.00e-07) + {4fs. L (W=6.00e-07)
10 P s - -4.99
— 4 L 5
E 50 & (S
= i @mo—o—o—
2 P 501
625
1074 — 0T e ) -5.02
10 10 10° 10 10 10° 10
Vt Vs. W (L=6.00e-07) Kb Vs. W (L=6.00e-07) 1iq@at Vs. W (L=6.00e-07)
-05 0
06 [ 4
= Géo—o o 06 o@*‘e—' <
2 07 = 52
= 80—6—o—0 2 04 o anan
-0.8 -3
-0.9 02 -4
107 10" 10° 107 107 10° 107 19° 107
StVs. W (L=6.00e-07) beta Vs. W (L=6.00e-07) 4 98s'Vs. W (L=6.00e-07)
250 400 1
200 300

=)
3

st (mv/Decade)
@
g

beta (UAV?)
N
s
s

=]
S}

@
23

[ 107 10
+ KffVs. W (L=6.00e-07)

4.8

46

44

leff (m)

4.2

107 10°° 107
S WePVs. W (L=6.00e-07)
5

109

NPB PS-0288 Revision: 13



2.10 Model Update History

Model Update History

TABLE 2.21 Mixed-signal model specific updates in model release version 4.9

v4.9 update

Devices

Reason

Impact on user

Noimod changed from 2 to
1

All 1.8v and 3.3v
FETs

Better off-state prediction
of RF thermal noise

Reduced (1/10 - 1/200x) noise for Vg~0v. 10-20%
change in the on-state (Vg>Vt)

Change forward biased
diode IV model parameters

All 1.8v and 3.3v
FETs and diodes

Corrected un-physical
diode ideality factors

Better prediction of forward biased current. Possible
improvement in convergence in some simulations

Added parameter hdif

All 1.8v and 3.3v
FETs

Allows approximate calcu-
lation of as, ad, ps, pd
(area and perimeter of
source and drain) when
primitive model (e.g. nfet)
is used directly

No impact if as, ad, ps, pd are specified by user or if
sub-circuit wrappers around primitives (nfets, pfets,
...) are used

Added ACM=12, CAP-
CALCM=1 in HSPICE and
ADS

All 1.8v and 3.3v
FETs

Junction capacitance cal-
culations are now compat-
ible across simulators
(Spectre, Hspice, ADS)

Increased junction capacitance for Hspice and ADS
simulations in v4.9 (over v4.8)

TABLE 2.22 Mixed-signal model specific updates in model

release version 5.0

v5.0 update

Devices

Reason

Impact on user

Corner/Statistical model
oxide thicknesses

All 1.8v and 3.3v
FETs

Updated to match new E-
spec. w/ tighter variation

No change in NOMINAL model. Reduced corner/
statistical model variation in gate oxide capacitance:

1.8v FETs corner model: v4.9 +/- 1A; v5.0 +/- 1A
1.8v FETSs stat. model: v4.9 +/- 3A; v5.0 +/- 1.5A
3.3v FETs corner model: v4.9 +/- 2A; v5.0 +/- 1.8A
3.3v FETs stat. model: v4.9 +/- 6A; v5.0 +/- 3A

Corner and stat. parame-
ters added to model pro-
cess variation on drain/

source series resistance

All 1.8v and 3.3v
FETs

More physical corner and
statistical models

No change in NOMINAL model.

Larger gm variation in corner and statistical models
for short channel FETs

Corner and stat. parame-
ters added to model pro-
cess variation on gate-
source and gate-drain over-
lap capacitances

All 1.8v and 3.3v
FETs

Corner and statistical
models for overlap capac-
itance in v4.9 did not cap-
ture oxide thickness and
AL variation

No change in NOMINAL model.

Larger gate-source and gate-drain overlap capaci-
tance variation in corner and statistical models

Statistical correlation added
to FASTSLOW and SLOW-
FAST corners

All 1.8v and 3.3v
FETS

Improved correlation
matching between N and
PFETs

Reduced oxide thickness, AL, and AW variation
when simulating with the FASTSLOW and SLOW-
FAST corners

TABLE 2.23 Mixed-signal model specific updates in model release version 6.0

v6.0 update

Devices

Reason

Impact on user

X-Sigma Corner Model
Support

All 1.8v and 3.3v
FETs

Allow for process variation
settings different than
conventional +/- 3 sigma-
corner models

Added flexibility in corner simulation

Switch to unified BSIM3
flicker noise model

All 1.8v and 3.3v
FETs

More accurate modeling
of flicker noise bias
dependence

Change from gm based model which over predicted
noise at low Vgs. Noise sensitive circuits at low Vgs
should match silicon better.

Add “multiplicity” to mis-
match model

All FETs

Mismatch should improve
with multiple devices

Correct modeling of transistor mismatch for m>1
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TABLE 2.24 Mixed-signal model specific updates in model release version 6.2

MOS MODEL

v6.2[a-d] update

Devices

Reason

Impact on user

Re-centered NOM, SLOW,
and FAST corners and sta-
tistical models to new E-
specs

All FETs

Reflects most recent Fab
data

In general, a tighter process variation in key E-
specs such as Vi, Idsat and Body effect for large
geometry devices, while the process variation for
smaller geometry devices is relatively unchanged.

Various minor syntactical
bug-fixes

Various FETs

Certain sections such as
monte-carlo or x-sigma
were not simulating

Ability to run certain monte-carlo and x-sigma analy-
sis

Updated flicker noise model
parameters

QLD FETs

Replaced default BSIM
model with more realistic
numbers

Improved noise simulations

TABLE 2.25 Mixed-signal model specific updates in model release version 6.3

v6.3 update

Devices

Reason

Impact on user

Re-formatted models to
align with “GTE” formatted
Cadence PDKs. Schematic
and post-layout instance
names are now the same

All CMOS FETs

Added ability to simulate
mismatch in post-layout
simulations

No impact if using models via Cadence PDK. Capa-
bility to simualte mismatch in post-layout views.

2.11 References

1. BSIM3 Modeling Package, Agilent 85194E, “http://www.admos.de/uploads/media/
bsim3_datasheet_02.pdf”

2. T. Gneiting, “A Unified Environment for the Modeling of Ultra Deep Submicron MOS Transistors,”
Nanotech 2003 Conference

3. Colin C. McAndrew, “Statistical Circuit Modeling,” SISPAD 98
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3.0 RF CMOS MODEL

3.1 Model list and description

RF CMOS MODEL

The SBC18 process supports two different RF models. The first model relates to the thin gate-oxide FETs with
a maximum operation voltage of 1.8v. The second model relates to the thick gate-oxide FETs with a maximum

operation voltage of 3.3V.

TABLE 3.1 FET model summary for 1.8 and 3.3v FETs

Property 1.8v RF FETs 3.3v RF FETs
Design Kit Cell Name nfet_rf, pfet_rf n3p3fet_rf/nfet3p3_rf, p3p3fet_rf/pfet3p3_rf
Temperature Range 25°C 25°C

Channel Length

0.18um <=L <= 0.5um

0.36um <= L <= 0.5um NFET
0.3um <= L <= 0.5um PFET

Channel Width

2um <= W <= 10um

2um <= W <= 10um

No. of fingers

1 <=NF <=100

1 <=NF <= 100

Bias Range

[Vgs|: 0 ~ 1.8V, [Vds|: 0 ~ 1.8V, [Vbs|: 0 ~ 1.8V

[Vgs|: 0 ~ 3.3V, |Vds|: 0 ~ 3.3V, [Vbs|: 0 ~ 3V

Using these models outside of the specified ranges may generate simulation errors. The RF model is based on
the core MS model which has been validated over for temperatures valid from -40 to 125°C. Though no RF
model validation is performed at temperatures other than 25°C, the RF model should provide a reasonable
estimate of RF properties when simulated at temperatures in -40 to 125°C range.

3.2 Layout

FIGURE 3.1 Layout of RF MOSFET. NF=
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Layout

The top view of a RF MOSFTET is shown in Figure Figure 3.1 with the key design parameters (NF, L, and W).
Note that the total width of the RF MOSFETs is equal to NF*W. RF transistors are typically laid out as multi-fin-
ger devices to minimize gate resistance and parasitic junction effects. These improvements translate into
higher cutoff (f;) and maximum oscillation frequencies (f,ax) @s well as lower device noise. The gate resistance
can further be improved by contacting the gate on multiple sides as per Eq. 1.

RpolySheet Pe

R, =W (EQ1D)

NF-3-L-N* NF-W-L
where RpolySheet is the silicided poly sheet resistance, Ngc is the number of sides that the gate is contacted
from, and p . is the contact resistance per unit area between the silicide and the polysilicon gate, and repre-
sents an additional component of the gate resistance, dominant for narrow widths (< 3um). The factor 3 is due
to the distributed nature of this resistance at high frequencies. Only a single sided gate contact is supported in
the p-cell (NgC =1), and is the consistent with the layout shown in Figure 3.1. The various components of the
gate resistance in a RF FET are shown in Figure 3.2. The model includes the gate resistance intrinsic to the
FET. The interconnect (metal wiring to the intrinsic FET) resistance is not shown in Figure 3.2. The intercon-
nect resistance can be an important component of the gate resistance, and should be included in the post-
extraction simulation of the FETs.

Like the gate resistance, the substrate resistance is also layout dependent. The default model for both the 1.8v
and 3.3v RF FETs is for a ring of substrate contacts around the active FET, and corresponds to the “lbrt” Tap
Style (Left, Right, Top, and Bottom), as shown in Figure 3.3. The 2-sided substrate model is also available cor-
responding to the “Ir” Tap Style (Left and Right). The use of a ringed substrate can significantly reduce the “roll-
up” in drain-source conductance gqs (0r reduction of output resistance r,) at high frequencies (Figure 3.4).
One-sided contacts or two-sided contacts on the top and bottom are supported by the p-cell, and default to a
“Ir” Tap Style in the model. The use of Tap Styles other than “Ir” or “lbrt” may result in reduced accuracy of the
simulations.

FIGURE 3.2 Components of the gate resistance in a RF-FET

o e
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FIGURE 3.3 CDF selection options for 1.8v RF FETs

High Frequency Noise Opt:
(1.8v RF NFET only) is
turned off by default. Set to
“1” to simulate excess high
frequency noise (Section
3.7)

Bulk: Default model is con-
sistent with the “Ibrt” option.
This corresponds to a 4-
sided “ring” of substrate
contacts. The model also
supports the “Ir” or 2-sided
(Left and Right) option.

FIGURE 3.4 Impact of “ringed-substrate” on the output conductance
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Measurements

3.3 Measurements

Transistors with multiple widths, channel lengths and number of fingers were measured to extract a model that
is scalable over the design space. Measurements were made on Ground-Signal-Ground test-structures with a
150um pitch between the pads. The list of transistors measured for the thin and thick-oxide FETs is shown in
Table 3.2 on page 116.

TABLE 3.2 List of devices measured for RF model extraction

Thin oxide (N and P FETs) Thick oxide (N and P FETSs)
NF W (um) | L (um) NF W (um) L (um)
10 10 0.18, 0.22, 0.3,0.38,0.5 10 10 0.36, 0.42, 0.5,0.6,0.7
10 2,5 0.18 10 2,5 0.36
11,5,4,3,1 10 0.18 11,5,4,3,1 10 0.36
10 4 0.3 (PFET only)

The s-parameters of the RF MOSFETSs, were measured on HP 8510C network analyzer. The frequency was
swept from 0.1 to 10GHz. The list of biases for the thin and thick-oxide FETs is shown in Table 3.3 on
page 116.

TABLE 3.3 List of biases at which s-parameters were measured for the thin and thick-oxide FETs

Thin oxide Thick oxide

Vgs (V) Vds (V) Vgs (V) Vds (V)

0 0,0.45,0.9,1.35,1.8 0 0,0.825,1.65,2.475,3.3
0.45 0,0.45,0.9,1.35,1.8 0.825 0,0.825,1.65,2.475,3.3
0.9 0,0.45,0.9,1.35,1.8 1.65 0,0.825,1.65,2.475,3.3
1.35 0,0.45,0.9,1.35,1.8 2.475 0,0.825,1.65,2.475,3.3
1.8 0,0.45,0.9,1.35,1.8 33 0,0.825,1.65,2.475,3.3

3.4 Modeling

The BSIM3v3 MOSFET model described in the chapter 2.0 is valid at low frequencies (< 200MHz). At higher
frequencies, the coupling between the source and drain through the bulk and the distributed resistance and
capacitance effects require the gate, substrate and source/drain coupling networks to be explicitly included.
The core mixed-signal (MS) model can be extended for use at high frequencies by adding parasitic resistances
and capacitances as shown in Figure 3.5. The gate resistance Rq is modeled via Eq. 1 and has a direct impact
on the input admittance [1]:

Re(Y,) ~R, - Im(Y,))’ (EQ2)

where Im(Y ;) ~ ® Cgme.

The substrate network includes 3 resistances in a T-network. Ry, which models the drain-bulk coupling, and
Rsp Which models the source-bulk coupling are given by:
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L

Rsb = RsbSheet X (2 X Wx NF) (EQ3)
L
Rap = Rapsheer X 3 W NE) (EQ4)

where R, ¢1... =R psheer» 18 the sheet resistance of the region that couples the ac signal from the source to
the drain, and is fit to the measured data. The third resistor in the T-network represents the bulk resistance and
is modeled by splitting it into 2 components given by Egs. 5 and 6:

R _ R y (W/2 + Wathact + Wathcon) (EQ3)
dsbv dsbSheet 2X(L+2x (W +an+Wa )) X NF

con2gate ct2con

where, Rdsbv is the vertical component of substrate resistance to the top and bottom taps, RdsbSheet is the
sheet resistance of the well and is extracted from the measured s-parameter data, W, .., .., is the distance
between the active regions of the FET and substrate contacts (=1.16um), W is the minimum design

act2con
rule for the active to contact (=0.1um), Wconzgme is the distance between contact and gate, and W, is the
width of the contact.

n

(L/2 + WconZgate + Wcon + WathCon + Wsti + WathCon)

Ryspn = Ryspsheer X X W (EQ6)

where R, is the horizontal component of the substrate resistance to the left and right taps, and W, is the

width of the isolation. Rdsbh is calculated for the two outermost fingers of the RF FET, as the contribution from
the inner fingers has negligible impact on this resistance for layouts with NF > 4. The substrate resistance of
the RF FETs is either:

Ry, = Ryspn (EQ7)
for a 2-sided substrate contact (corresponding to Tap Style “Ir” in Figure 3.3), or
Ry = Rygon I R g, (EQ8)
for a 4-sided “ringed” substrate contact (corresponding to Tap Style “lbrt” in Figure 3.3).

Collectively the substrate network (Rg,,) impacts the output impedance:

R, ~Re(Yy)/ (0 - Cyy) (EQ9)

The transmission parameter from gate to drain:

. 2

where C ed is the overlap capacitance extracted at low-frequency as described in Section 2.4.2 on page 22.
The drain resistance impacts the reverse transmission parameter from drain to gate:
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Corner and statistical models

. 2 2
Yy1~=Jj0Cy—0 - (Coy R+ Cpy Cyo - Ry) EQLD

The drain and source resistances and their associated gate-bias dependencies are included in the core MS
model and are not explicitly modeled in the sub-circuit. Modeling these resistors as extrinsic lumped elements
in the sub-circuit results in inaccurate predictions of g, and gqs; essential in both ac and noise simulations.

The area (C;) and perimeter components (Cjs, Cjswg) 0f the junction capacitance are pulled out (i.e. set to 0)
from core mixed-signal model and placed as external diodes in the sub-circuit (Cyp, Cgp) to model the capaci-
tive coupling of the drain-bulk and source-bulk junctions.

A PSP model option, that includes the modeling of non-quasi-static effects, is also available via the Jazz model
selection form. In general, the PSP model provides a more accurate description of the measured data, but due
to its relatively new introduction the BSIM option continues to be the default model for the SBC18 design kit. As
such, all subsequent model validation plots refer to the model playbacks using the BSIM option.

FIGURE 3.5 Sub-circuit used to model the 1.8 and 3.3v RF FETs
Gx

Gi |Core Mosfet

Sx T A T Dx

Csb Cdb
Rsb Rdb

Rdsb

M

3.5 Corner and statistical models

The core MS corner and statistical model parameters in the RF sub-circuit extension are identical to what was
described in Section 2.6 on page 83, and are valid at higher frequencies. In addition, the gate resistance is
changed by+/- 24% for the SLOW/FAST corner cases. Similarly, a +/- 24% variation is used to model the 3-¢
variation of this parameter in the statistical models. The 3-c variation of the silicided poly sheet resistance is
consistent with E-specs specified for salicided poly resistors in Table 9.1.
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3.6 Y-parameter Playbacks

The simulated y-parameters and the cut-off frequency (f;) of the various MOSFETs are compared with the mea-
sured data in Figures 3.6 through 3.25. The plots are for multiple biases which include the linear and saturation
regimes. The device description is included in the figure caption using the notation:
max_operating_voltage_fetType_NFxWHxL. Y-parameters are shown since they lend better meaning to the
device performance than s-parameters.
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Y-parameter Playbacks

FIGURE 3.6 1p8_nfet_10x5x0p18
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FIGURE 3.7 1p8_nfet_10x2x0p18

Re(Y11) (A/V)

Re(YY21) (A/V) Re(Y12) (AIV)

Re(Y22) (A/\V)

Re(Y12) (A/V)

Re(Y21) (A/V)

Re(Y11) (A'V)

Wels=045; Vgs=0.8

10° 10

Freq. (Hz)

Wds=1.35; Vgs=0.9

il

10

il

10

10.5

9.5 B
16”

=

z

o 7

™

>

T

[y
10"

Freq. (Hz)

Wils=0.45; Vgs=08

RF CMOS MODEL

Im(Y11) (A/V)

11

10

Im(Y12) (A/\V)

Im(%Y21) (A/V)

11

10

Im(Y'22) (A/\V)

10

10

Freq. (Hz)

Wis=1.35; ¥ps=09

1

i}

11

10

Im(%Y11) (AfV)

Im(Y12) (A/V)

Im(Y21) (A/V)

Im(Y22) (A'V)

10

Freq. (Hz)

10

10

11

10

121

NPB PS-0288 Revision: 13



Y-parameter Playbacks

FIGURE 3.8 1p8_nfet_10x10x0p22

x107° Yils=045; Vgs=0.3 Yils=0.45; Vgs=0.3
e 0.015
] =
4 < 0.01
T T 0.005 g
u £
o : i i : —
g 9 10 11 mﬁ 11
10 17 10 10 10 19 1q 10
= e : : _
> =
S Z
s S -2 |
z z
o £
n =
-4 8 11
10 10
0
>=
,
= -0.01 K
™
=
E
-0.02 .
10 10
= =
£ £
& I &
o H (Y]
= 7 z
10° 10° 10" 10" 10° 10° 10" 10"

Freq. (Hz) Freq. (Hz)

Wis=1.35; ¥ps=09

Re(Y11) (A'V)

10° 10° 10" 10" 10° 10’ 10" 10"

Freq. (Hz) Freq. (Hz)

PROPRIETARY INFORMATION: NO DISSEMINATION OR USE ALLOWED WITHOUT PRIOR WRITTEN PERMISSION 122



TON=R/aT

FIGURE 3.9 1p8_nfet_5x10x0p18
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Y-parameter Playbacks

FIGURE 3.10 1p8_nfet_10x2x0p18_ftVsld_vds_1.35
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FIGURE 3.12 1p8_pfet_10x5x0p18
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FIGURE 3.13 1p8_pfet_10x2x0p18
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FIGURE 3.14 1p8_pfet_10x10x0p22
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FIGURE 3.15 1p8_pfet_5x10x0p18
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FIGURE 3.16 3p3_nfet_10x5x0p36
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Y-parameter Playbacks

FIGURE 3.17 3p3_nfet_10x2x0p36
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FIGURE 3.18 3p3_nfet_10x10x0p42
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FIGURE 3.19 3p3_nfet_5x10x0p36
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FIGURE 3.20 3p3_nfet_10x5x0p36_ftVsld_vds_2.475
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Y-parameter Playbacks

FIGURE 3.22 3p3_pfet_10x5x0p36
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FIGURE 3.23 3p3_pfet_10x2x0p36
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FIGURE 3.24 3p3_pfet_10x4x0p3
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FIGURE 3.25 3p3_pfet_5x10x0p36

RF CMOS MODEL
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High frequency Noise Modeling

3.7 High frequency Noise Modeling

3.7.1 Excess thermal noise in short channel devices

Excess thermal noise, not captured by the BSIM3v3 model, has been observed in short channel devices [2].
There are 2 components to this excess noise: 1. Excess thermal noise in the channel, that manifests itself as
noise in the output drain current, and 2. Channel thermal noise induced gate noise that is important at high fre-
quencies (>2 GHz). The default BSIM3v3 model underestimates (1) for velocity saturated short channel
devices and does not model (2).

3.7.2 Modeling

From v6.2 onwards, the BSIM high-frequency noise model option is not supported, even though the CDF
option has not been removed. It is recommended the PSP model option (available via the Jazz Model Selec-
tion Form) be used, when accurate high-freuency noise modeling is needed.

3.8 Model Update History

3.8.1 Version 4.9

TABLE 3.4 RF model specific updates in model release version 4.9

v4.9 update Devices Reason Impact on user

Noimod changed from 2 to All1.8v and 3.3v | Better off-state prediction Reduced (1/10 - 1/200x) noise for Vg~0v. 10-20%

1 FETs of RF thermal noise change in the on-state (Vg>Vt)

Change forward biased All 1.8vand 3.3v | Corrected un-physical Better prediction of forward biased current. Possible

diode IV model parameters | FETs and diodes | diode ideality factors improvement in convergence in some simulations

RF substrate network 1.8v RF NFET Better fit to measured y- Small change in Y22

changed fromITto T and PFET parameters (Y22)

RF gate resistance 1.8v RF NFET Better fit to Re(Y11) Reduced Rgate - impact on Re(Y11) and gate noise
and PFET
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3.8.2 Version 5.0

RF CMOS MODEL

TABLE 3.5 RF FET model specific updates in model release version 5.0

v5.0 update Devices Reason Impact on user
Corner/Statistical model All1.8vand 3.3v | Updated to match new E- No change in NOMINAL model. Reduced corner/
oxide thicknesses RF FETs spec. with tighter variation | statistical model variation in gate oxide capacitance:

1.8v FETs corner model: v4.9 +/- 1A; v5.0 +/- 1A
1.8v FETs stat. model: v4.9 +/- 3A; v5.0 +/- 1.5A
3.3v FETs corner model: v4.9 +/- 2A; v5.0 +/- 1.8A
3.3v FETs stat. model: v4.9 +/- 6A; v5.0 +/- 3A

Corner and stat. parame-
ters added to model pro-
cess variation on drain/

source series resistance

All 1.8v and 3.3v
RF FETs

More physical corner and
statistical models

No change in NOMINAL model.

Larger gm variation in corner and statistical models
for short channel FETs

Corner and stat. parame-
ters added to model pro-
cess variation on gate-
source and gate-drain over-
lap capacitances

All 1.8v and 3.3v
RF FETs

Corner and statistical
models for overlap capac-
itance in v4.9 did not cap-
ture oxide thickness and
AL variation

No change in NOMINAL model.

Larger gate-source and gate-drain overlap capaci-
tance variation in corner and statistical models

Statistical correlation added

All 1.8v and 3.3v

Improved correlation

Reduced oxide thickness, AL, and AW variation

sided and 4-sided
(“ringed”) substrate con-
tacts are now supported
for all 1.8v and 3.3v RF
FETs

to FASTSLOW and SLOW- | RF FETS matching between N and when simulating with the FASTSLOW and SLOW-
FAST corners PFETs FAST corners

RF substrate network 3.3v RF NFET Better fit to measured y- Small change in Y22

changed fromITto T and PFET parameters (Y22). Both 2-

Added silicide-polysilicon
contact resistance to the
gate resistance

All 1.8v and 3.3v
RF FETs

Silicide-polysilicon gate
resistance is a significant
component of gate resis-
tance for narrow width
(<8um) RF FETs with 2-
sided gate contacts

Increased gate resistance seen in Re(Y11), espe-
cially for narrow FETs (W<3um) with 2-sided gate
contact layouts
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3.8.3 Version 6.0

References

TABLE 3.6 RF FET model specific updates in model release version 6.0

v6.0 update

Devices

Reason

Impact on user

X-Sigma corner model sup-
port

All RF FETs

Allow for process variation settings
different than conventional +/- 3
sigma corner models

Added flexibility in corner simulation

Fixed junction capacitance
partitioning between area
and permitter

All 1.8v and 3.3v
RF FETs

Previous versions used an empiri-
cal fit. New partitioning scheme
aligns RF and MS model

Minimal change in total junction
capacitance

Switch to unified BSIM3

All 1.8v and 3.3v

More accurate modeling of flicker

Change from gm based model which

match model

ple devices

flicker noise model RF FETs noise bias dependence over predicted noise at low Vgs.
Noise sensitive circuits at low Vgs
should match silicon better.
High-frequency noise mod- 1.8v RF NFET Model excess noise for short chan- More accurate noise when HF Noise
eling nel devices, not covered by BSIM3 option selected
thermal noise model
Add “multiplicity” to mis- All FETs Mismatch should improve with multi- | Correct modeling of transistor mis-

match for m>1

3.8.4 Version 6.2

TABLE 3.7 RF FET model specific updates in model release version 6.2

tance

correlation.

v6.2 update Devices Reason Impact on user

Re-centered FET modelsto | All FETs Refelects most recent Fab data For more information, please see

new E-specs Section 2.10 in the “MOS MODEL”
chapter.

Updated substrate resis- All RF FETs More accuate model to hardware Minor change in substrate resis-

tance.

3.8.5 Version 6.3

TABLE 3.8 Mixed-signal model specific updates in model release version 6.3

Cadence PDKs. Schematic
and post-layout instance
names are now the same

simulations

v6.3 update Devices Reason Impact on user
Re-formatted models to All RF CMOS Added ability to simulate No impact if using models via Cadence PDK. Capa-
align with “GTE” formatted FETs mismatch in post-layout bility to simualte mismatch in post-layout views.

3.9 References
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4.0 SiGe Bipolar Model

4.1 Device Description

The SBC18 process offers 3 NPN device types, digital (high speed), low voltage (standard) and high voltage,

differentiated by BVceo and Ft targets listed in Table 4.1. The digital device is only available in select variants

(e.g. SBC18HX, SBC18HXL, SBC18HA, SBC18QTE). A cross section of a digital or low voltage NPN device is
shown in Figure 4.1, where the differentiating factor between the device types is the collector implant. The high
voltage device by contrast does not receive a collector implant, and its cross section is shown in Figure 4.2.

The layout of an NPN with a 1 emitter, 2 base, 1 collector configuration is shown in Figure 4.3. Layout configu-
rations are further described in Section 4.2.

TABLE 4.1 SBC18 NPN Specification by BVCEO (when Vbc is 1 Volt) and Ft

NPN BVceo (V) Ft (GHz) Design Kit Name Model Name

low voltage 2.2 155 npn In[1,2][1,2,3][1,2][_hicum]
medium voltage 35 78 npn m[n,m,w][1,2,3,4][1,2,3,4,5][1,2][_hicum]
high voltage 6or8 38 or 30 npn [h,p]ln,m,w][1,2,3,4][1,2,3,4,5][1,2][_hicum]

FIGURE 4.1 Cross Section of a digital or low voltage NPN
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Device Description

FIGURE 4.2 Cross Section of high voltage NPN
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FIGURE 4.3 Layout of NPN: 1 Emitter, 2 Base, and 2 Collector configuration
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4.2 Naming Convention and list of NPNs offered

Table 4.2 provides a detailed description of the NPN configurations and parameter ranges.
Emitters Lengths: Scalable, see Table 4.2 for length range.
Emitters Widths: Three different emitter widths (0.2, 0.6, and 0.9um) are supported.

Multiple device instances vs. multiple emitter fingers: use of multiple emitter fingers instead of multiple
device instances generally results in more efficient footprint and lower parasitic capacitance. The trade-off is
collector resistance.

TABLE 4.2 SBC18 NPN Configurations

Device Type: Emitter Width

I=low voltage n=0.2; m=0.6; Emitter Length No. of No. of No. of
Configuration m=medium voltage | w=0.9um (um) Emitters Bases Collectors
121 I, mh n,m,w 0.76-10.16 1 2 1
122 I, m,h n,m,w 0.76-10.16 1 2 2
232 I, m;h n,m,w 0.76-10.16 2 3 2
342 I, m,h n,m,w 0.76-10.16 3 4 2
452 I, m;h n,m,w 0.76-10.16 4 5 2
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Model Description

4.3 Model Description

Separate Spice Gummel Poon Model (SGPM) and HICUM models are generated for the various combinations
of emitter width and finger combinations mentioned in Table 4.2. The emitter length can be varied within the
grid spacing and within the boundaries listed in Table 4.2. Separate models are extracted for the various com-
binations of emitter width and finger configuration described in Table 4.2.

4.3.1 Spice Gummel Poon Model

SGPM is the most well known, stable and robust bipolar transistor model. The SGPM is readily available in all
commercial simulators. However, several physical effects of modern day NPNs are not included in the model.
Thus, a sub-circuit based SGPM is provided to improve the modeling accuracy and capture the transistor’s
scalability. The sub-circuit diagram is shown in Figure 4.4. The SGPM is intended to be accurate at the low cur-
rent and high Vbc region. Additionally, the SGPM has poor models (no models in some cases) for Ft volt-
age dependence, fT roll off at high current, beta roll off at the high correct current, Base-Collector
breakdown, Base-Emitter tunneling current, and self-heating.

FIGURE 4.4 Equivalent Circuit of SGPM
RCX Collector
* VY

CCOX== DBCR1 DBCR2 DCS
RBX
Base T AAA, N . Substrate
| N
CEOX—— DBE

;RE

Emitter

4.3.2 HICUM Model

The HICUM model was introduced to overcome the shortcomings of the SGPM (Standard Gummel-Poon
Model). The name of HICUM is derived from “High Current Model”. HICUM was initially developed with special
emphasis on the modeling of the high current region, very important for many high-speed applications. Com-
pared with SGPM, HICUM is based on an extended and generalized integral charge control relationship, and
approaches the transistor dynamic behaviors in a more physical way. Its equivalent circuit diagram is shown in
Figure 4.5. For more detailed information about HICUM, please refer to HICUM official web page (http://
www.iee.et.tu-dresden.de/iee/eb/hic_new/hic_start.html).
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FIGURE 4.5 Equivalent Circuit of HICUM
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4.4 Model Extraction and Verification

The NPN models are extracted based on DC, CV, and RF measurements over a wide geometry and bias
range.

The first set of plots (Figures 4.6 through 4.38) display the characterization plots for the digital (high speed)
NPN. The second set of plots (Figures 4.39 through 4.89) display the characterization plots for the low voltage
(standard) NPN. The last set of plots (Figures 4.90 through 4.140) display the characterization plots for the
high voltage NPN. All of the plots show both the SGPM (red dashed line) and HICUM (solid red line) models
against the data. Multiple devices in parallel are characterized for smaller emitter lengths to reduce de-embed-
ding errors. The device type and size are encoded in the figure caption as “Voltage LxWxM_Configuration.”
Thus a HV 0.2x1x10_122 captions refers to a high voltage NPN with a width (W) of 0.2um, a length (L) of 1um,
with 10 devices in parallel (M) and a 122 emitter/base/collector finger configuration.
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4.4.1 High Speed (Digital) NPN Verification Plots

FIGURE 4.6 Gummel Plot HS 0.2x0.76x10_122
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FIGURE 4.7 Beta vs. Ic: HS 0.2x0.76x10_122
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FIGURE 4.8 IC vs. VCE at constant IB: HS 0.2x0.76x10_122

Ib = 2.280,9.120,45.600,91.200,228.000 uA
10 ¢ T T T T T

o Measured
- -GP
— Hicum
10‘ | | | | | | | | T

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Vee (V)

147 NPB PS-0288 Revision: 13



Model Extraction and Verification

FIGURE 4.9 Gummel Plot HS 0.2x4.52x1_122
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FIGURE 4.10 Beta vs. Ic: HS 0.2x4.52x1_122
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FIGURE 4.11 IC vs. VCE at constant IB: HS 0.2x4.52x1_122
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Model Extraction and Verification

FIGURE 4.13 Power Gain vs. Freq: HS 0.2x4.52x1_122
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SiGe Bipolar Model

FIGURE 4.14 Y-parameters vs. FREQ: HS 0.2x4.52x1_122
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FIGURE 4.15 Gummel Plot HS 0.2x10.16x1_122
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FIGURE 4.17 IC vs. VCE at constant IB: HS 0.2x10.16x1_122
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Model Extraction and Verification

FIGURE 4.19 Power Gain vs. Freq: HS 0.2x10.16x1_122
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FIGURE 4.20 Y-parameters vs. FREQ: HS 0.2x10.16x1_122
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Model Extraction and Verification

FIGURE 4.21 Gummel Plot HS 0.2x2.64x1_232
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FIGURE 4.22 Beta vs. Ic: HS 0.2x2.64x1_232
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FIGURE 4.23 IC vs. VCE at constant IB: HS 0.2x2.64x1_232
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FIGURE 4.24 FT vs. IC: HS 0.2x2.64x1_232
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Model Extraction and Verification

FIGURE 4.25 Power Gain vs. Freq: HS 0.2x2.64x1_232
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FIGURE 4.26 Y-parameters vs. FREQ: HS 0.2x2.64x1_232
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Model Extraction and Verification

FIGURE 4.27 Gummel Plot HS 0.2x4.52x1_232
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FIGURE 4.28 Beta vs. Ic: HS 0.2x4.52x1_232
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FIGURE 4.29 IC vs. VCE at constant IB: HS 0.2x4.52x1_232
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FIGURE 4.30 FT vs. IC: HS 0.2x4.52x1_232
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Model Extraction and Verification

FIGURE 4.31 Power Gain vs. Freq: HS 0.2x4.52x1_232
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FIGURE 4.32 Y-parameters vs. FREQ: HS 0.2x4.52x1_232
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FIGURE 4.33 Gummel Plot HS 0.2x10.16x1_232
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FIGURE 4.34 Beta vs. Ic: HS 0.2x10.16x1_232
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FIGURE 4.35 IC vs. VCE at constant IB: HS 0.2x10.16x1_232
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FIGURE 4.36 FT vs. IC: HS 0.2x10.16x1_232
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Model Extraction and Verification

FIGURE 4.37 Power Gain vs. Freq: HS 0.2x10.16x1_232
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FIGURE 4.38 Y-parameters vs. FREQ: HS 0.2x10.16x1_232
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4.4.2 Low Voltage (Standard) NPN Verification Plots

FIGURE 4.39 Gummel Plot LV 0.2x0.76x10_122
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FIGURE 4.41 IC vs. VCE at constant IB: LV 0.2x0.76x10_122
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FIGURE 4.42 Gummel Plot LV 0.2x4.52x1_122
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FIGURE 4.44 IC vs. VCE at constant IB: LV 0.2x4.52x1_122
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Model Extraction and Verification

FIGURE 4.46 Power Gain vs. Freq: LV 0.2x4.52x1_122
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FIGURE 4.47 Y-parameters vs. FREQ: LV 0.2x4.52x1_122
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FIGURE 4.48 Gummel Plot LV 0.2x10.16x1_122
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FIGURE 4.50 IC vs. VCE at constant IB: LV 0.2x10.16x1_122
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Model Extraction and Verification

FIGURE 4.52 Power Gain vs. Freq: LV 0.2x10.16x1_122
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SiGe Bipolar Model

FIGURE 4.53 Y-parameters vs. FREQ: LV 0.2x10.16x1_122
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Model Extraction and Verification

FIGURE 4.54 Gummel Plot LV 0.6x4.52x1_122
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FIGURE 4.55 Beta vs. Ic: LV 0.6x4.52x1_122
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FIGURE 4.56 IC vs. VCE at constant IB: LV 0.6x4.52x1_122

SiGe Bipolar Model
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Model Extraction and Verification

FIGURE 4.58 Power Gain vs. Freq: LV 0.6x4.52x1_122
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FIGURE 4.59 Y-parameters vs. FREQ: LV 0.6x4.52x1_122
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FIGURE 4.60 Gummel Plot LV 0.6x10.16x1_122
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FIGURE 4.62 IC vs. VCE at constant IB: LV 0.6x10.16x1_122

SiGe Bipolar Model
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Model Extraction and Verification

FIGURE 4.64 Power Gain vs. Freq: LV 0.6x10.16x1_122
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FIGURE 4.65 Y-parameters vs. FREQ: LV 0.6x10.16x1_122
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Model Extraction and Verification

FIGURE 4.66 Gummel Plot LV 0.9x4.52x1_122
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FIGURE 4.67 Beta vs. Ic: LV 0.9x4.52x1_122
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FIGURE 4.68 IC vs. VCE at constant IB: LV 0.9x4.52x1_122
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Model Extraction and Verification

FIGURE 4.70 Power Gain vs. Freq: LV 0.9x4.52x1_122
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SiGe Bipolar Model

TOWER/RL

FIGURE 4.71 Y-parameters vs. FREQ: LV 0.9x4.52x1_122
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Model Extraction and Verification

FIGURE 4.72 Gummel Plot LV 0.9x10.16x1_122
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TON=R/aT

FIGURE 4.74 IC vs. VCE at constant IB: LV 0.9x10.16x1_122

Ib = 0.762,2.286,4.572,7.620,22.860,45.720,76.200,152.400 uA
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Model Extraction and Verification

FIGURE 4.76 Power Gain vs. Freq: LV 0.9x10.16x1_122
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TON=R/aT

FIGURE 4.77 Y-parameters vs. FREQ: LV 0.9x10.16x1_122
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Model Extraction and Verification

FIGURE 4.78 Gummel Plot: LV 0.2x10.16x1_452
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TON=R/aT

FIGURE 4.80 IC vs. VCE at constant IB: LV 0.2x10.16x1_452

SiGe Bipolar Model
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Model Extraction and Verification

FIGURE 4.82 Power Gain vs. Freq: LV 0.2x10.16x1_452
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TON=R/aT

FIGURE 4.83 Y-parameters vs. FREQ: LV 0.2x10.16x1_452

Vee =1 Vee =1

0.06 ————— T T T T
Meas. Vb=0.828v - . e .
GP

Hicum

[
= Hicum
0.04 | O Meas. Vb=0.852v
— GpP
O Meas. Vb=0.884v

real(Y11)
imag(Y11)

[N

—

z

©

(0]

S

= i : T =

N  $000CG0000000060000000q . . ~ S

Z ozf - nEReR000000a6,6, ~ S

3] = = = = _A—A_A_ANC ol

00 0000000000000 0O000

O G f TR 2000000050T0D oY =

(e geiopcionvivaoloioncioavicaOhoionciCaslc vk oduo ) =

Freq. (Hz) Freq. (Hz)

197 NPB PS-0288 Revision: 13



Model Extraction and Verification

FIGURE 4.84 Gummel Plot LV 0.9x10.16x1_452
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TON=R/aT

FIGURE 4.86 IC vs. VCE at constant IB: LV 0.9x10.16x1_452
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Model Extraction and Verification

FIGURE 4.88 Power Gain vs. Freq: LV 0.9x10.16x1_452
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FIGURE 4.89 Y-parameters vs. FREQ: LV 0.9x10.16x1_452
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4.4.3 High Voltage NPN Verification Plots

FIGURE 4.90 Gummel Plot HV 0.2x0.76x1_122
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FIGURE 4.92 IC vs. VCE at constant IB: HV 0.2x0.76x1_122
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Model Extraction and Verification

FIGURE 4.93 Gummel Plot HV 0.2x4.52x1_122
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TON=R/aT

FIGURE 4.95 IC vs. VCE at constant IB: HV 0.2x4.52x1_122
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Model Extraction and Verification

FIGURE 4.97 Power Gain vs. Freq: HV 0.2x4.52x1_122
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TON=R/aT

FIGURE 4.98 Y-parameters vs. FREQ: HV 0.2x4.52x1_122
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FIGURE 4.99 Gummel Plot HV 0.2x10.16x1_122
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TOWER/RL

FIGURE 4.101 IC vs. VCE at constant IB: HV 0.2x10.16x1_122

Ib = 0.027,0.054,0.135,0.271,0.542,2.709,5.419 uA
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Model Extraction and Verification

FIGURE 4.103 Power Gain vs. Freq: HV 0.2x10.16x1_122
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TON=R/aT

FIGURE 4.104 Y-parameters vs. FREQ: HV 0.2x10.16x1_122
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Model Extraction and Verification

FIGURE 4.105 Gummel Plot HV 0.6x4.52x1_122
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FIGURE 4.106 Beta vs. Ic: HV 0.6x4.52x1_122
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TON=R/aT

FIGURE 4.107 IC vs. VCE at constant IB: HV 0.6x4.52x1_122
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Model Extraction and Verification

FIGURE 4.109 Power Gain vs. Freq: HV 0.6x4.52x1_122
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FIGURE 4.110 Y-parameters vs. FREQ: HV 0.6x4.52x1_122
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Model Extraction and Verification

FIGURE 4.111 Gummel Plot HV 0.6x10.16x1_122
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FIGURE 4.113 IC vs. VCE at constant IB: HV 0.6x10.16x1_122
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Model Extraction and Verification

FIGURE 4.115 Power Gain vs. Freq: HV 0.6x10.16x1_122
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FIGURE 4.116 Y-parameters vs. FREQ: HV 0.6x10.16x1_122
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Model Extraction and Verification

FIGURE 4.117 Gummel Plot HV 0.9x4.52x1_122
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FIGURE 4.118 Beta vs. Ic: HV 0.9x4.52x1_122
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FIGURE 4.119 IC vs. VCE at constant IB: HV 0.9x4.52x1_122
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FIGURE 4.121 Power Gain vs. Freq: HV 0.9x4.52x1_122
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FIGURE 4.122 Y-parameters vs. FREQ: HV 0.9x4.52x1_122
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FIGURE 4.123 Gummel Plot HV 0.9x10.16x1_122
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FIGURE 4.125 IC vs. VCE at constant IB: HV 0.9x10.16x1_122
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FIGURE 4.127 Power Gain vs. Freq: HV 0.9x10.16x1_122
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Model Extraction and Verification

FIGURE 4.129 Gummel Plot: HV 0.2x10.16x1_452
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FIGURE 4.131 IC vs. VCE at constant IB: HV 0.2x10.16x1_452
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Model Extraction and Verification

FIGURE 4.133 Power Gain vs. Freq: HV 0.2x10.16x1_452
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FIGURE 4.134 Y-parameters vs. FREQ: HV 0.2x10.16x1_452

Vee =1 Vee =1
0.04 ———
O Meas. Vb=0.81v
— GP
: 0.03 | [ — Hicum
~— O Meas. Vb=0.83v
— GP
Z-/ 0.02 | { — Hicum
© O Meas. Vb=0.85v
@ — GP
= 0.01 —— Hicum

e =

§ $¢-08:000006-06000060606006g S -0.04
< 0dp o o Rog S

= ey - — — =6y D .06
g m&oeoeeoeoeoeeoeoacweoeoﬂ% g )
= 005 vuvwwvuvwwvu—vwweo—e = -0.08

Freq. (Hz) Freq. (Hz)

231 NPB PS-0288 Revision: 13



Model Extraction and Verification

FIGURE 4.135 Gummel Plot HV 0.9x10.16x1_452
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FIGURE 4.137 IC vs. VCE at constant IB: HV 0.9x10.16x1_452
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Model Extraction and Verification

FIGURE 4.139 Power Gain vs. Freq: HV 0.9x10.16x1_452
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FIGURE 4.140 Y-parameters vs. FREQ: HV 0.9x10.16x1_452
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4.5 NPN Statistical and Corner Models

4.5.1 Statistical Model

A detailed description of the Backward Propagation of Variance (BPV) approach to statistical model generation
is given in the MOSFET chapter. Only additional information exclusive to the NPN statistical models is given
here. Unlike MOSFET models, the map between process and geometry parameters into model parameters is
not well defined for NPN models. Mappings between process parameters, model parameters, and geometry
parameters must be developed. The stand alone NPN models (Gummel-Poon, VBIC, Hicum, etc.) do not pro-
vide the physical correlation of the model parameters. Thus, a set of independent process parameters, rather
than model parameters, are defined as the fundamental statistical variables in the simulator. Mappings for the
process and geometry parameters into model parameters are developed based on device physics. A handful
of process parameter variances are forward propagated in the BPV infrastructure based on expected vari-
ances at the process level such as Emitter-Poly CD variations. The remaining process parameter variances
are directly BPV’d based on the variances in the ESPECs. A well conditioned system physically and mathe-
matically results, guaranteeing precise simulation of the ESPEC variances and reasonable and consistent sta-
tistical simulation of non ESPEC quantities such as base resistance. The process parameters, the propagation
technique, the affected model parameters, and target ESPECs for the Spice Gummel-Poon model (SGPM) are
listed in Table 4.3. The statistically simulated ESPECs are listed in Table 4.5 - Table 4.7. Refer to the MOSFET
chapter for statistical model usage guidelines.

TABLE 4.3 The Process Variables and the Affected Model Parameters in SGPM.

BPV

or Target ESPEC
Process Parameters FPV | Affected Model Parameters for BPV Mismatch
Emitter Window CD FPV RE, RB, RBX, RC, CEOX, CJE, CJC, NA IC, BETA

IS, ISE, BF (GP), IBEIS (Hicum)

Emitter Poly CD FPV CEOX, RBX NA
Base Ge doping concentration BPV IS (GP), C10 (Hicum) Vbe at mod. Ic
Base Boron doping concentration BPV CBE, RBI, RBX, IS (GP), C10 (Hicum) Cbe
Emitter Si/Poly interface property BPV BF (GP), IBEIS (Hicum), RE Peak Beta 1B
Emitter/Base Junction Leakage BPV ISE (GP), IREIS (Hicum) Beta @ low Vbe IB @ low Vbe
Emitter doping concentration BPV RE, BF (GP), IBEIS (Hicum) lc @ Vbe=1.1v
Substrate doping concentration BPV CJS Cces
Base width BPV RBI, TF (GP), TO (Hicum) Ft of LV & HV dev.
Local Collector Implant (LV dev.) BPV CJC of LV dev. CBC of LV dev.
Local Collector Implant (MV dev.) BPV CJC of MV dev. CBC of MV dev.

4.5.2 Centering

Refer to section 2.6.1 for centering within the BPV framework. The NPN model is extracted from a golden die
which measures very close to the nominal of the ESPECs. As a result, the model parameter variation needed
to exactly align the model to the nominal ESPECs is small. The simulated NOM ESPECs are listed in Table 4.5
- Table 4.7.
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4.5.3 Corner Models

The goal of the corner models are to capture the device electrical performance limits through appropriate vari-
ation of the process parameters. Slow and fast corners are provided. Details of the corner models are given in
Table 4.4. All the NPN ESPEC limits can not be captured with 2 corners. The target ESPEC parameters for the
corner models are I, BETA, and Ft. The Cgg and Cg ESPECs are also aligned to the ESPECs in the corner

model. Cg¢ variation in the corner models is reduced from the ESPEC limit in order to retain consistent and

physical Ft prediction. The verification of the simulated corner ESPECs are listed in Table 4.5.

TABLE 4.4 Corner model specifications

FAST

SLOwW

Emitter resistance

Component 1 is higher due to lower Ib (high
Beta); Component 2 is lower due to higher
emitter doping. Net is ~15% lower

Component 1 is lower due to higher Ib (low
Beta); Component 2 is higher due to lower
emitter doping. Net is ~15% higher

Extrinsic base resistance

Component 1 is lower (Nom. - 15 link dist.);
Component 2 is higher due to lower base
doping (low Cbe). Net is ~10% higher

Component 1 is higher (Nom. + 1c link dist.);
Component 2 is lower due to higher base
doping (high Cbe). Net is ~10% lower

Intrinsic base resistance

Component 1 is higher due to shorter base
width; Component 2 is higher due to lower
base doping (low Cbe). Net is 30% higher

Component 1 is lower due to longer base
width; Component 2 is lower due to higher
base doping (high Cbe). Net is 30% lower

Base emitter junction cap.

90% of NOM case

110% of NOM case

Base collector junction
cap.

Max. case of Cbc

Min. case of Cbc

Collector substrate junction
cap.

Min. case of Ccs

Max. case of Ccs

Intrinsic collector resis-
tance

~15% lower; aligned to higher collector dop-
ing (higher Cbc)

~15% higher; aligned to lower collector dop-
ing (lower Cbc)

Collector saturation current

Min. case of Vbe for fixed and moderate Ic

Max. case of Vbe for fixed and moderate Ic

Base current
Base width

Max. case of beta (lower Ib) Min. case of beta (higher Ib)

Smaller; aligned to max. Ft E-spec. Larger; aligned to min. Ft E-spec.

TABLE 4.5 Statistical and corner model predictions for 0.2x0.76um 1E1B1C NPNs

Device SLOwW NOM FAST

Model E-spec.

Design-kit name | Name Unit | Espec | Corner | Stat. Espec | Corner | Stat. Espec | Corner | Stat.

High-Voltage Ft GHz | 22.20 26.21 30.00 33.20 36.39 36.10 44.20 42.20 42.20

Gummel-Poon Cbc fF 1.35 0.82 0.84 | 1.50 0.86 0.87 1.65 0.91 0.89

hnO1 Beta' A/A 40.00 50.47 52.00 | 100.00 | 105.50 106.0 | 250.00 | 180.20 | 160.00
Ccs? fF 4.80 4.78 4.68 4.00 3.98 4.02 3.20 3.19 3.36
Ccs_nodt fF 12.00 11.94 11.70 10.00 9.94 10.00 8.00 7.97 8.34
Cbe?® fF 2.90 3.42 3.63 2.50 3.41 3.42 2.10 3.31 3.21
Ic LA 0.12 0.12 0.12 0.32 0.26 0.27 0.52 0.44 0.41
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TABLE 4.5 Statistical and corner model predictions for 0.2x0.76um 1E1B1C NPNs

Device SLOW NOM FAST
Model E-spec.
Design-kit name | Name Unit | Espec | Corner | Stat. Espec | Corner | Stat. Espec | Corner | Stat.
High-Voltage Ft GHz | 22.20 2710 | 3270 | 3320 | 37.49 | 37.10 | 4420 | 43.05 | 4150
Hicum Cbc fF 1.35 1.45 1.46 1.50 1.50 1.50 1.65 1.59 1.54
hn01_hicum Beta' A/A | 40.00 48.44 | 5310 | 100.00 | 116.80 | 117.0 | 250.00 | 245.10 | 181.00
Ccs? fF 4.80 477 470 | 4.00 4.00 4.04 3.20 3.18 3.38
Ces_nodt | fF 12.00 1192 | 11.80 | 10.00 | 10.00 | 10.10 | 8.00 7.95 8.44
Cbed fF 2.90 2.49 262 | 250 2.44 2.45 2.10 2.40 2.28
lc pA | 012 0.12 0.13 | 0.32 0.27 0.28 0.52 0.45 0.42
Standard Ft GHz | 57.00 57.66 | 63.60 | 72.00 | 7524 | 7490 | 87.00 | 84.97 | 86.20
Gummel-Poon Chbc fF 1.80 1.14 117 2.00 1.23 1.23 2.20 1.40 1.29
In01 Beta' A/A | 40.00 54.07 | 56.30 | 100.00 | 11490 | 116.0 | 250.00 | 193.00 | 176.00
Ccs? fF 4.80 4.78 468 | 4.00 3.98 4.02 3.20 3.19 3.36
Ccs_nodt | fF 12.00 11.94 | 11.70 | 10.00 9.94 | 10.00 | 8.00 7.97 8.34
Cbe® fF 2.90 3.51 364 | 250 3.43 3.43 2.10 3.33 3.22
lc pA | 012 0.13 0.13 | 0.32 0.28 0.28 0.52 0.45 0.42
Standard Ft GHz | 57.00 60.35 | 64.10 | 72.00 | 70.77 | 70.70 | 87.00 | 77.01 | 77.30
Hicum Cbc fF 1.80 1.87 192 | 2.00 2.01 2.01 2.20 2.14 2.10
In01_hicum Beta' A/A | 40.00 52.30 | 54.40 | 100.00 | 117.20 | 118.0 | 250.00 | 244.90 | 182.00
Ccs? fF 4.80 477 470 | 4.00 4.00 4.04 3.20 3.18 3.38
Ccs_nodt | fF 12.00 1192 | 11.80 | 10.00 | 10.00 | 10.10 | 8.00 7.95 8.44
Cbe3 fF 2.90 2.67 2.78 2.50 2.60 2.60 2.10 2.55 2.42
lc pA | 012 0.12 0.13 | 0.32 0.26 0.27 0.52 0.43 0.40
High-speed Ft GHz | 110.00 | 11450 | 131.0 | 134.00 | 153.60 | 153.0 | 158.00 | 186.60 | 175.00
Gummel-Poon Cbc fF 2.90 2.97 3.10 3.20 3.25 3.26 3.50 3.53 3.42
dn01 Beta' A/A | 40.00 48.06 | 60.50 | 100.00 | 115.00 | 116.0 | 250.00 | 249.20 | 172.00
Ccs fF 4.80 478 468 | 4.00 3.98 4.02 3.20 3.19 3.36
Cbe® fF 3.00 3.46 360 | 2.60 3.40 3.40 2.20 3.29 3.20
lc pA | 012 0.12 0.14 | 0.32 0.26 0.27 0.52 0.43 0.40
High-speed Ft GHz | 110.00 | 95.84 | 9550 | 134.00 | 102.40 | 103.0 | 158.00 | 105.50 | 110.00
Hicum Chc fF 2.90 2.98 307 | 3.20 3.22 3.23 3.50 3.52 3.39
dn01_hicum Beta' A/A | 40.00 4459 | 50.40 | 100.00 | 101.10 | 120.0 | 250.00 | 264.80 | 190.00
Ccs fF 4.80 477 470 | 4.00 4.00 4.04 3.20 3.18 3.38
Cbe® fF 3.00 2.83 294 | 260 2.77 2.77 2.20 2.68 2.60
Ic pA | 012 0.10 012 | 0.32 0.23 0.23 0.52 0.38 0.34
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TABLE 4.6 Statistical and corner model predictions for 0.2x10.16um 1E2B2C NPNs

Device SLOW NOM FAST
Model
Design-kit E-spec.
name Name Unit | Espec | Corner | Stat. Espec | Corner | Stat. Espec | Corner | Stat.
High-Voltage Ft GHz | 34.00 27.73 | 3250 | 38.00 | 38.03 | 37.90 | 42.00 | 43.76 | 43.30
Gummel-Poon | Fmax* GHz | NA 94.16 | 104.0 | 183.00 | 119.90 | 119.0 NA 135.60 | 134.00
hn112c2 Fmax_nodt | GHz | NA 7541 | 88.10 | 120.00 | 103.40 | 103.0 | NA | 123.80 | 118.00
Cbc fF 7.60 7.50 759 | 8.00 7.78 7.78 8.40 8.10 7.97
Beta' A/A | 60.00 60.34 | 60.80 | 140.00 | 140.70 | 140.0 | 300.00 | 302.40 | 219.00
Ccs? fF 19.20 19.20 | 18.80 | 16.00 | 1598 | 16.10 | 1280 | 1280 | 13.40
Ccs_nodt | fF 48.00 47.99 | 47.00 | 40.00 | 39.95 | 40.30 | 32.00 | 32.01 | 33.60
Cbe® fF 30.00 31.00 | 3270 | 27.00 | 30.79 | 30.80 | 24.00 | 2950 | 28.90
lc pA 1.50 2.00 197 | 4.20 4.20 4.23 6.90 6.90 6.49
High-Voltage Ft GHz | 34.00 29.65 | 34.10 | 38.00 | 37.92 | 37.80 | 42.00 | 4298 | 41.50
Hicum Fmax* GHz | NA 152.60 | 161.0 | 183.00 | 176.30 | 177.0 NA 190.40 | 193.00
hn112c2_hicum ["era nodt | GHz | NA 126.20 | 144.0 | 120.00 | 160.20 | 1600 | NA | 180.50 | 176.00
Cbc fF 7.60 7.70 7.78 | 8.00 7.96 7.97 8.40 8.40 8.16
Beta' A/A | 60.00 58.51 | 64.10 | 140.00 | 139.70 | 140.0 | 300.00 | 295.30 | 216.00
Ccs? fF 19.20 19.21 | 19.00 | 16.00 | 16.10 | 16.30 | 12.80 | 1280 | 13.60
Ccs_nodt | fF 48.00 48.01 | 47.40 | 40.00 | 4026 | 40.70 | 32.00 | 32.01 | 34.00
Cbe® fF 30.00 2748 | 2870 | 27.00 | 2679 | 26.80 | 24.00 | 26.12 | 24.90
lc pA 1.50 1.92 197 | 4.20 4.20 422 6.90 6.92 6.47
Standard Ft GHz | 70.00 65.24 | 70.10 | 78.00 | 78.77 | 78.70 | 86.00 | 86.16 | 87.30
Gummel-Poon | Fmax* GHz | NA 149.80 | 152.0 | 284.00 | 161.10 | 161.0 NA 163.30 | 170.00
In112c2 Fmax_nodt | GHz | NA 117.70 | 126.0 | 201.00 | 138.90 | 138.0 | NA | 148.90 | 150.00
Cbc fF 10.60 9.00 9.08 | 11.20 9.45 9.46 | 11.80 | 10.24 9.84
Beta' A/A | 60.00 60.43 | 60.50 | 140.00 | 139.90 | 140.0 | 300.00 | 306.20 | 220.00
Ces? fF 19.20 19.20 | 18.80 | 16.00 | 1598 | 16.10 | 1280 | 1280 | 13.40
Ccs_nodt | fF 48.00 47.99 | 47.00 | 40.00 | 39.95 | 40.30 | 32.00 | 32.01 | 33.60
Cbe® fF 32.00 31.80 | 32.90 | 29.00 | 30.80 | 30.90 | 26.00 | 29.60 | 28.90
lc pA 1.50 2.00 202 | 4.20 4.20 4.24 6.90 6.90 6.46
Standard Ft GHz | 70.00 68.24 | 7050 | 78.00 | 78.08 | 78.00 | 86.00 | 86.01 | 85.50
Hicum Fmax* GHz | NA 334.70 | 287.0 | 284.00 | 314.60 | 314.0 NA 302.50 | 341.00
In112c2_hicum e oy nodt | GHz | NA 266.10 | 260.0 | 201.00 | 28220 | 2820 | NA | 286.50 | 304.00
Cbc fF 10.60 1060 | 10.80 | 11.20 | 11.19 | 1120 | 11.80 | 11.80 | 11.60
Beta' A/A | 60.00 63.02 | 65.70 | 140.00 | 139.90 | 141.0 | 300.00 | 293.50 | 216.00
Ccs? fF 19.20 1921 | 19.00 | 16.00 | 16.10 | 16.30 | 12.80 | 1280 | 13.60
Ccs_nodt | fF 48.00 48.01 | 47.40 | 40.00 | 4026 | 40.70 | 32.00 | 32.01 | 34.00
Cbe? fF 32.00 2990 | 30.90 | 29.00 | 28581 | 28.90 | 26.00 | 28.10 | 26.90
lc pA 1.50 1.94 204 | 4.20 4.20 4.25 6.90 6.92 6.46
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TABLE 4.6 Statistical and corner model predictions for 0.2x10.16um 1E2B2C NPNs

Device sLow NOM FAST

Model

Design-kit E-spec.

name Name Unit | Espec | Corner | Stat. Espec | Corner | Stat. Espec | Corner | Stat.

High-speed Ft GHz | 135.00 | 130.30 | 135.0 | 150.00 | 150.00 | 150.0 | 165.00 | 167.50 | 165.00

Gummel-Poon | Fmax* GHz | NA 177.50 | 172.0 | 190.00 | 180.70 | 181.0 NA 177.60 | 190.00

dnt12c2 Cbc fF 17.20 | 18.00 | 18.00 | 1870 | 1899 | 19.00 | 2020 | 20.20 | 20.00
Beta' A/A | 60.00 58.32 | 72.60 | 140.00 | 139.80 | 141.0 | 300.00 | 304.80 | 209.00
Ccs fF 19.20 19.20 | 18.80 | 16.00 | 1598 | 16.10 | 12.80 | 12.80 | 13.40
Cbe® fF 33.00 3150 | 32.60 | 30.00 | 30.77 | 30.80 | 27.00 | 29.50 | 29.00
Ic pA 1.50 1.90 2.18 4.20 4.20 4.25 6.90 6.90 6.32

High-speed Ft GHz | 135.00 | 135.10 | 135.0 | 150.00 | 150.00 | 151.0 | 165.00 | 165.80 | 167.00

Hicum Fmax* GHz | NA 185.10 | 145.0 | 190.00 | 177.20 | 17.00 NA 158.70 | 209.00

dn112c2_hicum "o fF | 1720 | 1770 | 17.80 | 1870 | 1877 | 18.80 | 2020 | 2020 | 19.80
Beta' A/A | 60.00 51.78 | 56.90 | 140.00 | 116.90 | 143.0 | 300.00 | 310.80 | 229.00
Ccs fF 19.20 19.21 | 19.00 | 16.00 | 16.10 | 16.30 | 1280 | 1280 | 13.60
Cbe® fF 33.00 3140 | 32.30 | 30.00 | 30.48 | 30.50 | 27.00 | 29.20 | 28.70
lc pA 1.50 1.93 2.18 4.20 4.20 4.25 6.90 6.95 6.32

TABLE 4.7 Statistical and corner model predictions for 0.9x10.16um 1E2B2C NPNs

Device SLOW NOM FAST

Model E-spec.

Design-kit name | Name Unit | Espec | Corner | Stat. Espec | Corner | Stat. Espec | Corner | Stat.

High-Voltage Ft GHz | 2750 | 24.05 | 27.20 | 3250 | 3233 | 3250 | 36.50 | 36.70 | 37.80

Gummel-Poon Fmax* GHz | NA 54.92 | 5550 | 88.00 | 59.57 | 59.50 NA 59.74 | 63.50

hwi12c2 Fmax_nodt | GHz | NA 5235 | 5430 | 70.00 | 5858 | 5840 | NA | 59.29 | 62.50
Cbc fF 8.50 10.10 | 958 | 10.40 | 10.39 | 10.40 | 1230 | 10.90 | 11.20
Beta' A/A | 60.00 | 57.46 | 68.80 | 160.0 | 160.50 | 160.0 | 300.0 | 302.40 | 251.0
Ccs? fF 20.80 | 2079 | 20.40 | 17.40 | 17.41 | 17.60 | 1400 | 14.02 | 14.80
Ccs_nodt | fF 52.00 | 51.97 | 51.00 | 4350 | 4354 | 4400 | 3450 | 35.05 | 37.00
Cbe? fF 100.0 | 99.00 | 107.0 | 90.00 | 96.49 | 96.70 | 80.00 | 92.00 | 86.90
lc pA | 3.90 5.69 621 | 1580 | 15.80 | 1590 | 27.70 | 27.69 | 25.60

High-Voltage Ft GHz | 2750 | 25.13 | 28.20 | 3250 | 3246 | 32.30 | 36.50 | 36.83 | 36.30

Hicum Fmax* GHz | NA 86.95 | 8550 | 88.00 | 90.23 | 91.60 NA 91.86 | 97.70

hwi12c2_hicum "o hodt | GHz | NA 84.11 | 8420 | 7000 | 88.99 | 90.10 | NA | 90.96 | 96.00
Cbc fF 8.50 11.10 | 1070 | 10.40 | 11.47 | 1150 | 1230 | 11.90 | 12.30
Beta' A/A | 60.00 | 56.19 | 67.10 | 160.0 | 160.70 | 161.0 | 300.0 | 329.20 | 255.0
Ccs? fF 20.80 | 20.80 | 20.40 | 17.40 | 17.43 | 17.60 | 1400 | 13.99 | 14.80
Ccs_nodt | fF 52.00 | 52.01 | 51.10 | 43.50 | 4357 | 4400 | 3450 | 34.98 | 36.90
Cbe® fF 100.0 | 93.00 | 100.0 | 90.00 | 90.23 | 90.50 | 80.00 | 86.00 | 80.60
lc pA | 3.90 5.82 617 | 1580 | 1580 | 1580 | 27.70 | 27.43 | 25.40
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TABLE 4.7 Statistical and corner model predictions for 0.9x10.16um 1E2B2C NPNs

Device SLOW NOM FAST

Model E-spec.

Design-kit name | Name Unit | Espec | Corner | Stat. Espec | Corner | Stat. Espec | Corner | Stat.

Standard Ft GHz | 55.00 | 50.72 | 55.70 | 63.00 | 63.16 | 63.30 | 71.00 | 72.41 | 70.90

Gummel-Poon Fmax* GHz | NA 64.29 | 60.80 | 121.0 | 64.42 | 64.40 NA 62.88 | 68.00

w11202 Fmax_nodt | GHz | NA 60.96 | 59.40 | 1040 | 62.89 | 6280 | NA | 62.13 | 66.20
Cbc fF | 1880 | 15.40 | 15.40 | 1640 | 16.39 | 16.40 | 14.00 | 17.60 | 17.40
Beta' A/A | 6000 | 57.68 | 7250 | 160.0 | 160.50 | 161.0 | 300.0 | 327.00 | 250.0
Ces? fF | 20.80 | 20.79 | 20.40 | 17.40 | 17.41 | 1760 | 14.00 | 14.02 | 14.80
Ces_nodt | fF | 52.00 | 51.97 | 51.00 | 4350 | 43.54 | 44.00 | 3450 | 35.05 | 37.00
Cbe’ fF | 110.0 | 100.50 | 107.0 | 100.0 | 96.49 | 96.70 | 90.00 | 92.00 | 86.90
lc wA | 3.90 570 | 6.49 | 1580 | 15.80 | 16.00 | 27.70 | 27.70 | 25.50

Standard Ft GHz | 55.00 | 53.91 | 5520 | 63.00 | 6278 | 63.60 | 71.00 | 70.61 | 72.00

Hicum Fmax* GHz | NA 127.60 | 116.0 | 121.0 | 12450 | 1250 | NA | 122.00 | 134.0

w112c2_hicum oy nodt | GHz | NA 122.90 | 114.0 | 1040 | 12250 | 1230 | NA | 12090 | 132.0
Cbc fF | 1880 | 16.40 | 1650 | 16.40 | 17.45 | 17.50 | 14.00 | 18.60 | 18.50
Beta' A/A | 60.00 | 56.66 | 70.10 | 160.0 | 159.30 | 161.0 | 300.0 | 318.10 | 252.0
Ces? fF | 20.80 | 20.80 | 20.40 | 17.40 | 17.43 | 17.60 | 14.00 | 13.99 | 14.80
Ces_nodt | fF | 52.00 | 52.01 | 51.10 | 4350 | 4357 | 44.00 | 3450 | 34.98 | 36.90
Cbe® fF | 110.0 | 103.00 | 109.0 | 100.0 | 99.28 | 99.50 | 90.00 | 95.00 | 89.70
lc uA | 3.90 590 | 6.62 | 15.80 | 15.80 | 16.10 | 27.70 | 26.96 | 25.60

Notes:

1. Beta: The beta E-spec is asymmetrical across the NOM case. The statistical model prediction is +/- 3 sigma and is thus symmetrical
across NOM.

2. Ces: Two different values are specified for the collector to substrate capacitance. The first is for processes with deep trench (DT) isola-
tion, while the second higher value is for processes without deep trench isolation.

3. Cbe: Cbe variation in the corner models is reduced from the ESPEC limit in order to retain consistent and physical Ft prediction.

4. Fmax: Only nominal E-spec for variants with and without deep-trench are specified. Corner and statistical model predictions are shown
for processes with and without DT isolation. This parameter is not a BPV targeted E-spec for corner or statistical model extraction.

4.6 NPN Mismatch Model

The mismatch model captures the local variation between identical devices. The collector current and the cur-
rent gain (Beta) mismatch between two identical NPNs (~10um apart) with identical Vgg and Vg are charac-
terized and captured in the mismatch model.

NPN mismatch is characterized in terms of percentage difference in Beta () and I. The I mismatch percent-
age is calculated using the following expression:

I, -1
Al = 100 x —E (EQ 1)

ICl

The PB mismatch is calculated using the following expression:

AB = IOOX%:P—Z' (EQ2)
1
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NPN Mismatch Model

The Ge concentration and EW CD mismatch sigmas are used fit the I mismatch. The emitter surface recom-

bination velocity sigma fits the additional mismatch seen in the 3 measurements. In operational regions where
Ic and B are not affected by series resistance, low or high bias effects, NPN mismatch can be adequately rep-

resented with the aforementioned process parameters, combined with an inverse square root dependence on
active emitter area.

Figure 4.141 through Figure 4.143 show the I and 3 mismatch for the SBC18 NPNs. Discrepancies in low
current I mismatch are due to leakage current mismatch and are not modelled.

FIGURE 4.141 Measured and simulated Ic and Beta mismatch plots of High-voltage NPNs
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SiGe Bipolar Model

FIGURE 4.142 Measured and simulated Ic and Beta mismatch plots of Standard NPNs
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