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Figure 1. Connections for very low frequency C-V measurements.
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Table 1. Very Low Frequency C-V specifications.

Measurement Parameters: |Cp, Gp, F, £, 8, R, X, Cs, s, D, time

Frequency Range: 10mHz o 10Hz

Measurement Range: 1pF w 10nF

Typical Resolution: 3.5 digits, minimum typical 10fF

AC Signal: 10mVY 10 3V REMS

DC Bias: Jijf:;l(; L::iri-,lmh terminal, minus the AC signal,




VLF C-VHIBIZHERN— T =T

BIRER A B AAEEIT I I
— R =7 HNNETT,

. 4200-SCS M 7 N = 7L KTEI 8.2 LLFE

. 4200 B SMU 2 & (4200-SMU ! & 7= 1% 4210-SMU
)

. 4200-PATIZF Y 7T 2B
F 7 a v 4210-CVU IR BB

(& JE C-V e )

= RDIN

BERE~L= > b

T INA A DEERE

TNA AD VLF C-V JIEZEAT 9 12I%, 4200-PA 7
FUT T EAERT 2 B SMU (4200-SMU Y % 7~
1% 4210-SMU B1) @ Force HT 87D REIZ DUT % #2
FLET (1, 2), FEFITENA L E—F X
ZRET AIEIEFIT NS WVEFREZNET 54
BERHDHIZD, TV T TDOF Ty a U PRLET
9, 4200-PA BUZ FV 5 & 1el2A LLTF OEFR AN
ETEE9, VLF C-V BTN E REHRORIE D
VETH DO, SMUAHED Triax 77— 7 V% H
WCEf T 50N —FTT, ZOHFETIEL, SMU
TVT U EREBRT NA X (DTU) OIZAA v
Fro e T A LTI TEERA, —FHD
SMU 1% DC % F&Ac mIEOmFamL (341,

2@ SMUL), ACEIEAMIELET, 9 —FHD
SMU (%, AC %ﬁ%%ﬁﬂﬁé LE (X1, K27 SMu2),
C BMOPEIZHND SMU 1L, T34 ADEA >
E—H U Al ER LET (K 2),

VLE C-V JIE AN D MOS 3 % 23 & [A]3& D]
ZX 2 1R LET, MOS Fy 8 XD, v
=D FEICHDIE—~DRy FLIMMEZTE
59, U= — OEEIIETDMS F ¥ /)X
*gpIaEEA L LTHWET,

MOSCaps on wafer

S
Force HI Prober Chuck Force HI

PreAmp Preﬂu‘np
SMU1 A A\'- SMuz
SmMu_src smu_sense

;F Force LO %

(Internally Connected)

SMI.SIC is connectad
to the chuck. This SMU
applies the DC and AC
voltage and measures

the voltage.

SMu_sense is
connected to the gate
of the MOScap and
measures the cumrent.

Figure 2. VLF C-V measurement setup for a MOScap on wafer.
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Table 2. User Modules in the VLowFreqCV User Library.

User Module Description
lfew_meagire Measures C, G, Z, theta, R+jX ata
= fixed DC bias

Measures C, G, Z, theta, R+jX. time
while sweeping []‘H: DC volage

Measures C, G, Z, theta, R+jX, time
while sweeping []‘H: DC volage.

: ] ) Measurements are made on a fixed
vifcr_measure_sweep_bias_fived_range P )

- - - - current range which is determined
by the expected_C, expected_R and
maximum DC volwage,

Measures C, G, Z, thera, R+jX,
time ar multiple user-specified west
frequencies

Measures C, G, Z, theta, R+jX. time
as a functicn of time
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Figure 3. Definition tab of vifcv measure sweep bias user module.



B L VEIRET D TSNS F ¥ U F R
(‘expected C) & Tl = 1 5 i ¥ X T
(expected_R) OEMNHIEICHWORET, 7272
L, BFIIFEDEZRERIRT 24T,
expected C = 0 ERETHZ LT, HTLC &
RZRERL—F DN EED 0 £,

&b EMART Y 2 — X vifev_measure T,
VLE CV_Examples 71 ¥ =7 ~DF v /)0 2R ER
VLF cap_one_point THWHIE T, Z ORERITH
—DRMEEITVET, ZOFY 22— L TIEAA —
TR LETRAN, ETORBR T A —F 2l T
TFET (£3), /2L, WREZRRKNEREIL AC EE
& DCBEDOW S ZAEDOEL LD TY, ADK
KDC AT AEFE = -20 + (acv_RMS * J _2 ).
EDEKRDC AL T AEHE = +20 — (acv_RMS *
2 ) T, expected C=0& LT, L—FiZC

Table 5. Adjustable parameters in the vifcv measure sweep freq

User Module.

Parameter |Range Description
SMU w source DC + AC voluage
SMU_SIC SMUn waveform and measure AC volis: SMUIL,
SMUZ, SMU3...
smu sense | SMUn SMU o measure AC current: SMUL,
- o SMUZ, SMU3...
Array of Test frequencies in Hertz.
frequency  |0.01 to 10 Maximum number of entries limited to

512, from 0.01 o 10.

Expected_C

le-12 w 1e-8

Estimate of DUT capacitance in Farads,
use 0 for auro-detect of DUT € and R.

Expected_R

leb o leld

Estimate of resistance parallel o
DUT, in ohms

acy_RMS

30e-3 1w 3

AC drive voltage in volts RMS

dev_bias

+20 less jacv_RMS *#2)

The DC Volrage applied w the device

Table 6. Adjustable parameters in the vifcy_measure_sweep_time

User Module.
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Parameter |Range Description

SMU w source DC + AC voltage

smu_sre SMUn waveform and measure AC volis: SMUL,
Table 3. Adjustable parameters in vifcv_measure User Module. SMU2, SMUS...
Parameter [Range Description smu_sense | SMUn :m:,}”sﬂii’;“m“(' current: : SMUL,
SMU to source DC + AC voltage ; — — Tere T
SMu_Src SMln waveform and measure AC volis: frequency | 0.01 1o 10 Test Irequency in Hertz, trom
SMUL, SMUZ, SMU3... 0.01 o 10.
] ] SMU 10 measure AC current: SMUL, e : Estimarte of DUT capacitance in Farads,
smu_sense  |SMUn SMUIZ, SMU3... expected C | le-1210 le8 use 0 for auwo-detect of DUT € and R.
§ ) Test frequency in hertz, from . Estimare of resistance parallel wo
frequency  [0.01 o 10 001 10 10, expected R | le6 o leld DUT, in ohms
Estimate of DUT capacitance in acv RMS  |30e-3 w3 AC drive voltage in volis RMS
Expected C | le-1210 le-8 {;“:d: "55 gfnr awo-detect of dev_bias +20 less {acv_RMS * /2 | The DC Voliage applied to the device
ITCand R
Estimate of resistance parallel to num_poings (1w 512 Number of points o wke as a
Expected R |le6 o leld DUT. in ohms - funcrion of time
acv_RMS 30e-3 1o 3 AC drive voltage in vols RMS
dev_bias +20 less {acy_RMS * 2 ) | The DC vohage applied to the device

Table 4. Adjustable parameters in the vifev_measure_sweep_bias_fixed

range User Modules.

Parameter |Range Description
SMU 1o source DC + AC voliage
SMU_Src SMUn waveform and measure AC volts: SMITL,
SMUZ, SMU3...
smu sense | SMUn SMU 1o measure AC current: SMUL,
- o SMUZ, SMU3...
§ ) Test frequency in herrz, from
frequency | 0.01 w 10 0.01 t© 10.
5 . Estimare of DUT capacitance in Farads,
Fxpeaed € |le12o le-8 use 0 for auto-detect of DUT € and R.
5 § Estimare of resistance parallel wo
Expected_R | le6 w leld DUT. in ohms
acv_RMS 30e-3 w3 AC drive voltage in volis RMS
dev_start +20 less (acv_RMS * +/2 )| Starting DC voltage of the sweep
dev_stop +20 less (acv_ RMS * 22 )| Stop DC voltage of the sweep
e N ) 5 . | Step size of the DC volage. Number of
dev_step +20 less (acv_RMS * 2) steps limited 1o 512.
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Table 7. Measurements returned for the modules in the VLowFregCV library.

Returned Test
Parameters | Description
Error code from test module execution. Definitions of the
Status returned errors are listed ar the borrom of the Definition tab
in the UTM Description.
times Calculated time difference berween readings.
dcv_bias Programmed DC voltage applied w the device.
meas_Cp Measured capacitance in parallel model (Cp-Gp).
meas_Gp Measured conductance in parallel model (Cp-Gp)
meas_freq Measured est frequency.
meas_7 Measured impedance (Z-theta).
meas_Thera Measured phase angle in degrees (Z-theta).
meas_R Real component of the impedance (R + jX).
meas_ X Imaginary component of the impedance (R + jX).
meas_Cs Measured AC capacitance in series model (Cs-Rs).
meas_Rs Measured resistance in series model (Cs-Rs).
meas_D Calculared dissipation factor, D.
meas_irange The SMU current range thar the measurement was taken.
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Figure 4. Project tree of VLF CV_Examples project
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Figure 5. Connection for MOSFET, with the drain-source-bulk tied together
and connected to SMU2 {(smu_sense).
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Figure 6. VLF C-V Sweep of an n-MOSFET measured between the gate to
drain/source/bulk. This graph is from the VLF_nmosfet_Vsweep test (user
module vifev measure sweep bias fixed range).
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Figure 7. Capacitor tests in the VLF CV_Examples project.
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Figure 8. VLF C-V connections for the capacitor. If the test device is on wafer,
see the MOSCap diagram (Figure 2) for connections.
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Figure 9. VLF C-V results, at 1Hz, of a voltage sweep on a 1pF reference
capacitor. This graph is from the VLF cap Vsweep UTM (vifcv measure
sweep bias fived range user module).
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Figure 10. Results of C-t measurements of nominal 1pF reference capacitor,
using VLF capacitance technique at a test frequency of 1Hz. This graph is
from the VLF cap_time UTM (user module vifev_measure_sweep_time).

100472 07 8 KEITHLEY

WLF C-1 Swoep. 1pF cap, 1Hz

Dty Vamiable |
st DataNOISE = 1 4671915

O

OO B

§ o
"

Figure 11. A VLF C-V sweep of a MOScap at 1Hz created using the VLF CV
Examples project. This graph is from the VLF moscap Vsweep UTM (wifcy
measure_sweep bias_fixed range user module).
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Figure 12. High and low frequency C-V curves on one graph.

W F| RC T /34 A

TINA ZADUNL DL, WHIRC [BIEE (B 1
X 13 #2H) L LCET ML TEET, 2FETE
TIVTIE, WHRHUZT S AD DCER Y —7 &
FHLET, 7L, EBRET A AT Z OB 2
FAETNTIEETZENTEEEA, TOHA.
FERRIET /34 2D DC HRHLIE AC R & K& < B
D EF, RCT A ZADORERIL, VLF C-V D DC /A
T AAAL—THUIM (VLF Inf 1gohm) & ITM V A
A — (SHU_Vsweep) @ 2 DR H 1D £9, 1412,
L.5nF & 1GQ DOIFHI|[RIEE ZAKJE s A A — 7" L7
RERLET, BEOCY —Z7ERNLHD . EHRD
FDFEFED RC MO KB A EZ S5 &, R
EhEL GIER LD 4, RO DUT O DC U
— 7 EBRAERD DL, VLF C-V Ik BT 31 &
DORER] OB aAlHEPESNA TS LI,
ITM @ SHU Vsweep Z JHVNVET, /s fs Ba215%
72O, K77V r—vary /) —rOROEY
Va iR ENTWAEREZRL TS
A%

e [pream
sense[d N N\
FORCE jwﬂl
:fuﬂ'sseh:lsjez PrefAmp f; DuT
SENSE };
FORCE Triax cabla

Figure 13. Connection diagram for parallel RC test device.
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Figure 14. Results of measuring parallel RC combination of 1.5nF capacitor
and 1GL resistor. This graph is from the VLE InF 1gohm UTM (vifev
measure_sweep bias fixed range user module).
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Table 8. VLF C-V typical accuracy vs. D and current measure range for the
sense SMU.
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Table 9. VLF C-V error codes and descriptions.

Error P Explanation and Troubleshooting
Code | Description Recommendation
o TF.S[ executed No software or operational errors were detected.
with no errors
Specified SMU is nor available in the chassis. For
example, if SMUS is entered, bur there are only
-16001 | smu_src is out of range | four SMUs in the 4200 chassis, then this error
will occur. Modify SMU string o an available
SMU number: SMUL, SMUZ, SMU3 ...
Specified SMU is nor available in the chassis. For
example, if SMUS is entered. bur there are only
-16002 | smu_sense is out of range | four SMUs in the 4200 chassis, then this error
will occur. Modify SMU string o an available
SMU number: SMUL, SMU2, SMU3 ..
16003 Frequency is out Ensure that the rest frequency is within the range
~ | of range. of I0mHz to 10Hz, inclusive
i L. Make sure thar the RMS volrage is within the
-16004 [ acv_EMS is our of range range of 0.01V o 3.0V, inclusive
Modify the DC or AC voltage bias 1o ensure tha
the =20V maximum s not exceeded. Maximum
-16005 | dev_bias is our of range | negarive voltage = -20 + (AC volage =)
Maximum positive bias volrage = 20 - (AC
volrage * /1)
16006 | hold_time is our of range | 1S €rrOF is unused for the
= VLowFreqCV routines.
16007 delay_rime is This error is unused for the
B " | out of range VLowFreqCV rourines.
Too few points This error indicates thar the test was aborred by
-16008 }
per period the operator.
16009 ES'[[ ﬁh:‘;r:}; ;r;i;;?:r Make sure all outpur array sizes are the same
- than 4096, L value and are not greater than 4006,
Current measurement over-range occurred and
returned values are ser wo TEZ2 (TOE21).
16010 Over range Troubleshooring:
B indicarion detected. Review the value in the meas_CP column of the
Sheet, looking for the overflow values (TE22 or
TOE21). Follow the process given in Sfef) 8d.,
Results array sioe is less .
’ Increase the size of all outpur arrays w be equal
-16011 | than the number of 10 the number of points in the sweep.
poinis in the sweep.
Cannor estimarte expecred_C or expecred_R.
Could not collect [Trus erm! _c)ccur; anlv_when_ elxpe;:ted_(. = 211 c
16012 |enough dara o perform n|'1ll..1l A eSTmare I:ji]ﬂ-!.EJ'(].\_rﬂ ue for expecred C.
) Review the meas_Cp values in the Sheet for
MEasrEmenL. = - :
non-overflow values. Set esumated_C = 2 * non-
overflow meas_Cp
16013 Unable o This error is unused for the
B allocare memory. VLowFreqCV routines.
Current range is This error is unused for the
-16014 o —
out of range. VLowFregCV routines.
Irange_sense and . . i
-16015 | expecied_C cannot be 0 zr::“?;:;" ({?“.lt:’]t:'.?ri:[]”he
ar the same time ’ av s
16016 | Expected_C is Expected_C must be 0 (auro-detect C) or
h out of range berween 1E-15 and 1E-3, inclusive.
s g [t e oot o S
16017 | preamp !s -:'t.Jnnet'n:d run KCON and choose “Updare PreAmp and RPM
10 SIMU_Sense . P .
- Configuration” in the Tools menu.
Correct the values for the voltage bias sweep.
16018 Invalid start, stop, step | dev_bias_step cannor be 0, unless dov_bias_start
B DC bias sweep values. = dov_bias_svop. If dev_bias_start = dov_bias_
stop. then dev_bias_step must = 0.
Qurpur array sizes are -
16019 | less than number of [nclhense thfj 5meru[q]l m_.uplil: alr_.ufs 10 be equal
points in sweep. o the number of points in the sweep.
Invalid combinarion of El,ulrr;ct (h_e values for;];cavo](::ge I:;:u ‘;H?Ep
216020 |start, stop, step dc bias v .Iaﬁ__h.[E].J cannot ge 0, unless dcv | .I:I.H._hllall
. = dev_bias_svop. If dev_bias_start = dov_bias
sweep values. S - =
stop. then dev_bias_step must = 0.
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{Tj‘ﬁ A TYPICAL MEASUREMENT ACCURACY?
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