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Method for Measuring MOSFET Parameters

Moqu (Christropher) Li, RFIC and Transceiver Design Group, High Performance and Integrated
Circuits and Microsystems Lab, sylimoqu@gmail.com.

Summary: This quick manual is involved with some simple tricks for measuring MOSFET Parameters, and
also some plots of the characteristics of MOSFETs. All the examples are for just nMOS FET test only, and
the readers can follow it when they deal with pMOS.

Keywords: MOSFET, transconductance efficiency.

| n this manual, we use IBM 7HP which is 0.18 BiCMOS technology, and the simple details are just as
below. [2]

IBM 180-nm Technology Highlights

Base Technology Related Technologies
Category CMOS 7SF CMOS 7RF BiCMOS 7WL BiCMOS 7HP
Process Industry-standard CMOS 7SF with CMQOS 7RF with 60-GHz CMOS 7SF with120-GHz
180-nm CMOS passive devices bipolar devices bipolar devices
Wiring Copper or aluminum Copper and aluminum Copper and aluminum Copper with analog metal
with analog metal with analog metal
Bipolar devices N/A N/A 3 HBTs, wireless 2 HBTs, high-speed

focus optical/digital focus

Table.01 IBM 0.18um Technology Highlights.

Due to the specs in the IBM document, we can get the information as Table. [2]So BICMOS 7HP includes
the Base Technology CMOS 7SF CMOS devices libraries. Then the test result shall be same.




Cadence Tutorial Series

September 16, 2011

Crnl: Sel:0 Status: Ready T=27 C Simulator: spectre
Tools Design Window Edit Add Check Sheet Options Migrate IBM_PDK Calibre Help

mouse L: H: R:

>

FIG 01. The Testing Circuit, Nmos From IBM7HP
The whole circuit is just settled as above. The specs are just as below,
W=1.8um, L=180nm
Substrate node is connected to the gnd! (which is ground global).
Two Vdcs are settled as Vgs and Vds.

Then “Check and Save” the circuit you just settled. After you have done this, then enter the Analog
Design Environment to begin with setting up the simulation environment.
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Virtuoso® Analog Design Environment (1)

Status: Ready T=27 C Simulator: spectre 3
Session 3etup Analyses Variables Outputs Simulation Results Tools Help
Design Analyses ﬂ-%
Lbrary exercise # Type ABrguments. . ... Enzble :an?m
Cell Testomos Thp 1 de t yes 4|nc ;
View  schematic ; % I
Design Variables Outputs DE::

#  Name Value #  Name/Signal/Expr Value Plot Save March

1 Vgs &00m 1 THO/D ¥eS Yes no

2 wds Vgs ¥th no
3 qm/ID wave veS ﬁ

{igu]

Plotting mode: Replace [

Fig. 02. ADE Setting.

: Vadiables | OQutputs =
The variables Vgs and Vds are the ones you just set in the schematic and Edit ...

you can get them into ADE by just click on Variables --- Copy From Cellview. gt

HEHH L
Copy From Cellview
Copy To Cellview

And you shall give the Vgs and Vds an initial value. | just set the Vds = =
Vgs and Vgs with an initial value equal to 600mV, since we estimate by
experience that the Vth for this nMOS shall be around 460 to 520mV, and
we want to keep this circuit working in the status of moderate inversion and saturation area.

|'-- Editing Design Variables -- Virtuoso® Analog Desi|— O X |

OK | Cancel| Apply Apply & Run Simulation Help
Selected Variahle Table of Design Variables
Hame Vs #  Hame Value

Value (Expr) |0.6

fidd | Delete | Change | Mext| Clear| Find

Cellview Variables Copy From | Copy To
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Setting Outputs -- Virtuoso® Analog Design Environment (1)

OK. | Cancel | Apply

Selected Output

Add | Delete | Change | Next| New Expression

Help

Table Of Qutputs

SEve March

Hame {opt.) | qn/ID #  Name/Signal/Expr Value Plot

Expression | /TNO" "id" 7result "deOpInfo-info") 3|1 THO/D yes yes no
2 ¥th no

Calculator Open | Get Expression | Close g/ 10

Vill Be M Plotted/Evaluated

Fig. Setting of Outputs

Setting of the outputs of the design as following, To Be Saved the ID,

Outputs | Simulation Results Tools

. . . L . sSetup ...
which you just click on the drain pin of the transistor TNO, and you ;; ;] lyses
. . FHHTEE

might not select to plot it.
To Be Saved Select On Schematic

And then the first step is done. Yo Be Marchat o pe v
To Be Plotted Hprmeve From
Save All ...

Netlist and Run the design.

Results | Tools Help
Plot Outputs
. Direct Plot ‘ET
If everything goes well, then you would get no error or strange Print p DC Node Voltages
Annotate

things happening.

e iny

Circuit Conditions ...

DC Operating Points
Model Parameters

TEavnrzoisard Blnedn bindf oo

= | Results Display Window

Click on Results----Print----DC Operating Points, and Window Expressions Info

then select the TNO, which is the nMOS in schematic region 0

we just draw. And then we can get the dc parameter | feversed 13 -

. . . . ron .

in this operating point. type 0

] ) vhs 2.893m

And we can find that the Vth is 511mV, so the VEFF = wdh Eolm

600Mv-511Mv=89mV, in the region of moderate Vgs . 532- 21;

inversion area [1, P114], and the region is 2 which is zf]j:ff _ge7 Emm

saturation area in cadence. vih 591, 1m
wid J6.41n
Vs &0 0m
vgsteff 00. 1m
wth Ellm




Cadence Tutorial Series
September 16, 2011

In the next step, we shall deal with setting for plotting transconductance efficiency, Iy
which is gm/ID. Then click on the Setup Outputs. [Fi«

Setup Outputs ...

Selected Output

Name the transconductance efficiency as gm/ID
just as [1] mentioned. Then click on the Calculator -
-- Open button below. Expression

Mame (opt.) | on/Id

Calculator Open | Get Expression | Close

Vill Be H Plotted/Evaluated
Add | Delete | Change  Hext Hew Expression
hen the caruatornil srowabove sl =
windows. We want to find the gm, so click on - — - -
Window Tunls| Memories Const Options Help

Tools --- Brower to find the parameters we
saved before in cadence files f““""Ef"munﬁestnmus?hp;spemef5.
. ~Selectioy Table.. !

= Results Browser =l
File Settings Tools Help
B WEDomE Replace  ~
Location |~fsimulatioanestnmos?hp;spectre;schematicfpsf | v|
Then we can see lots of catalogs in the = [omemosimution/Tigg o ;;‘d " RO
left area of the browser, just like gds, 9 I3 dcopinfo-info o b reversed
@ CITHD 2 :
. id bd
vth and other stuff, they just have an £ et gt s i Vs
operating point value which is static =i s ocd ad s
. i di Wil sat
value but not range value if you select B o ombs  igd iy st
. . . . rs = id igidl i h
the Design Variable in Sweep Variable = rsext o i G v
. iz i i
when you set the Choosing Analyses. =M - ' > i - |
3 modelParameter-info - [
al ] rop ] | Fier %! g |
> [cadence]
gm i
You can try this by right clicking on the gm and select Table, and you will get the ~ 9MBs Ea?"'i
. maveric alculator
table value of gm (S) as the one on the right. :3«. e—
T
Marme (unk... gm (5)
TR 3. 736E-4




Cadence Tutorial Series
September 16, 2011

In here, we care about the gm, so we right click on the gm and select Calculator. g e
. . grn| Table
Then the expression of the gm has been added in the calculator.
gm{ Calculator

= Calculator (=)Elx]

Window Tools Memories Const Options Help

fhome;/ moqulif simulation/ Testnmos7hp/spectre/ schematic/ psf
Selection threices

¥ clip graph selection tran | ac [ dc | swept_dc | infe | noise | i |
off ® family O wave O vt it ‘

|pv('fTNl]" "gm"” ?result "dcOplinfo-info™) | - |

|d Pl e |
Then we can use ”/” for division, and in the same method above we can add the  jgs Table
Id in the position of denominator. lab [T Calculator |
OK | Cancel | Apply
3 Selected Output

Then let the Setting Outputs window show up in the
front, click on Get Expression button then click on
the Add button below. Then we finish editing the
expression of transconductance efficiency as gm/ID | SAculater - Open| Get Expression | Close
in cadence. Vill Be H Plotted/Evaluated

Name (opt.) | o/

Expression JTHO" "1d" ?result "deOpInfo-info"))

Add | Delete | Change | Next| Mews Expression

i

Virtuoso ® Analog Design Environment (1) E]@E]
. Status: Read 2 § -
Now, you shall click on Tools --- 4 T-27 C Simulator: spectre 3
i i Session Setup Analyses Varables Outpuls Simulation Results Tools Help
Parametric Analysis, and you can get

Parametric Analysis 4
the window right as below.

Parametric Analysis - spectre(0): exercise Testnmos7hp schematic

Tool Sweep Setup Analysis Help | 11
Sweep 1 variable Namel Y23 Add Specification
Range Type From/To From L To 1.8
, Select
Step Control Auto Total Steps | 1'%
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We want Vgs to change from 0V to 1.8V and want to check the Vgs in 100 Parametric Analysis - £

steps, and click on Analysis --- Start to run the testing. Setup Analysis
Start

After the running of the measurement, and we can change the Axis in X and
Y into logarithm scaling then we can get the testing result just as below.

Exprassions m

B (P S THO" "gm" Presult "doOplnfo-info™ f pw (" THO" "id" Presult "doOplnfo-info™) ve pu S TRO" "id...
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Also, we can get gm/Id versus Vgs like above.
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