
APPENDIX A 
Model 3321 Specifications 

A.1 MEASUREMENT PARAMETERS Measuring (display) Range 
IZI, ESR: O.lmO to 19.999MR 

Kinds of Parameters c: O.OOlpF to 199.99mF 

. Main Parameters L: O.lnH to 19.999kH 

AUTO: Selects the “a,” parameters, sub-parameters and equivalent Q D: 0.0001 to 19999 

circuits automatically. G: O.OOlps to 199.995 

L: Se,&tnductance (unik H, henry) B: -18O.CQ” to t179.99° 

C: Capacitance (unit: F, farad) These ranges are dependent an the frequency, measuring range, and 

I Z I : Magnitude of impedance (unit: a) phase angle of impedance. 

mere are series and parallel measuring modes for each of L, C and R. 
. Sub-parameters Accuracy 

Q: Quality factor (quality of circuits Aeeuracy Guarantee Conditions 

D: Dissipation factor (= tan 6 = 1 /Q) l Warm-up time: 30 minutes. 

ESR: Equivalent series resistance (unit: 0) l Ambient temperature and humidity: 23’ i5’C, S90% RH. 

0: Parallel conductance (unit: S, stemens; 1 /a; Mho) . Zero correction: Performed under the above condittons. 

8: Phase angle of impGdance (unit: degree) . Calibration period: 12 months. 

. Equivalent Circuits Accuracy of I2 I and B 

AUTO: Automatic selection For 0.20 S I Z I 5; ZOMO, see Table A-l. 

SER: Series For I Z I < 0.20, see Tablc A-2. 

PAR: Parallel For I Z I >ZOMK& see Table A-3. 

*Automatic Parameter Selection 
Parameters can be automatically selected by thephaseangle of imped- Notes: 
ante. 1. When a measurement is made at twice Une frequency, the measured 
B=+90°i450-+L-Q value may deviate beyond the accuracy range due to interaction with 
0=-90~*.w+C-D line frequency. 

0 = Other than the above -B I Z I - B 2. When the operating temperature is 5°-40’C, add the value shown in 

a Automatic Selection of Equivalent Circuits 
Table A-4 to that in Table A-l. Double the values shown in Table A-2 
and A-3. 

Equivalentctxuitscan beautomatiwlly selectedby thevalueandphase 3. Tables A-l through A-3 show the worst case value in each impedance 
angle of impedance, and the combination of parameters. range. Obtain the correct accuracy in the following ranges by linear 

~~~~~; 1 ;;;ffffy;yD *g::-“; In this range, 8s impedance increases, accuracy decreases. 
awl: Accuracy shown In one range below the range including a Z in 

acc2: Accuracy (worst case vnlue) shawn in the range includtng B Z in 

Displayed Resolution . I z I = 0.2 to 2R 

4-l/2 digits (19999 “ax) 
In this range, as impedance decreases, accuracy decreases. 

D and Q Resolution: 0.0301 “in 
accl: Accuracy (worst case value) shown in the range including a Z in 
Table A-l. 

0 Resolution: 0.01’ 
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. . 

Notes Cont.: Amracy of L and C 
acc2: Accuracy shown In one range above the range Including a Z In 
Table A-l. 

In the case of Q > 10 (D < O.l), use the accuracy of I Z I : 

L=$ 

1 
cc- 

2nf IZI 

*cc = [*ccl (22 - 2) + acc2 (2 - Zl)l / (22 - Zl) 

z: Magnitude of measured impedance (measured value) 
21: Lower limit value of each impedance range in Table A-l. 
22: Upper limit value of each impedance range in Table A-l. 
*cc: Measuring accuracy of impedance Z ( I Z I is displayed by %, and 0 
by degree.) 
awl: Measuring accuracy of impedance Zl 
acc2: Measuring accuracy of impedance of 22 

When obtaining the accuracy in the ambient temperature ranging from 
5440aC, add each mrrespondtng value In Table A-4 to awl and acc2 in 
advance. 
. When level = 5OmV rms, accuracy is not guaranteed in the following 

““gp. 
IZI ?20MR 
I Z I i: 2Mn and frequency = 1OOkHz 
IZI <0.20 

Aceumy of ESR and G 
In the case of Q < 0.1 (D > IO), use the accuracy of I Z I : 

IESRI = IZI 
IGI =l/lZl 

where f is the test frequency in Hz. 
Refer to Figure A-l, Conversion from LC to I Z I. 

Accuracy of D and Q 
In case D<<l (Q>>l), use the following equations: 

Accuracy of D = i(O.0175 x S accuracy (de@) 
Accuracy of Q = UO.0175 x 0 accuracy (deg) x Q2) 

In my parameter, add the It112 couxt, i.e., half of the resolution to the 
dtsplayedvalue as actual accuracy. 
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Table A-l. Accuracy of I2 I and 0 for 0.X2 5 I Z I <ZOMf2 

20k~lZI<200k 1 0.15% 10.1% 10.25%1 1.2% 10.3% 10.16%1 0.32%1 3.0% 

Table A-2. Accuracy of I Z I and 0 for I Z I <0.X2 

1 IZI I LEVEL =lV rms I 
W) Frequency, (Hz) 

120 Ilk IlOk tlWk 
OL;lZl<O.Z 11.7% 11.0% 11.4% 16.0% 

t0.2m t0.2m tOAn +3m 

I Z I Accuracy: &t(% reading + R) sham. 
0 Accuracy: (0 Accuracy for 0.2s I2 I co.5 in Table A-l) x (0.2W 12 I ) 
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Table A-3. Accuracy of I2 I and 0 for I Z I XOMQ 

IYI LEVEL =lV ms 

03 Frequency, (Hz) 
120 Ilk IlOk llC’C?k 

o~,Y,BOnS I.&S 10.611s (Z.lnS 11211s 

I Z I Accuracy: Specified by the f deviatton (S) of admittance I Y I shown 
E! Accwacy: (0 Accuracy for lOM< I Z I c20M in Table A-l x (I Z I /ZOMQ). 
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,a Oomaolon dIngram 

RTgiacy I VW 
,“f, 

Ib) c-r III ,c/ LA lZ.1 

Figure A-l. Conversion Diagram from L or C to I Z I 
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Examples of Determining Accuracy 

6x. 1: Find the accuracy when R=33kfl, f=lOkHz, 1V. while Q<O.l. 
1. Find theaccuracy from TableA-l,“s,ng thefolloWr,gpara”eters: W, 

,OkHz and 20k to 2Wmn. 
2. When operating within a temperahue range from 5 to 4O’=C, add the 

value in Table A-4. 
3. When accuracy is needed for 21Mn or nn, interpolate the value 

according to Note 3. 
4. Addfl/Zcountofdisplayval”e.When thedisplayshowsameastlred 

value of 33,14kn, the l/2 co”nt becomes 0.005kn. 

Ex. 2: Find the accuracy when C = IOpF, f=lkHz, 5OmV. while D .z 0.1. 
1. Ftnd I Z I from Plgure A-l Conversion Diagram. 

l Find the line descending from C = 1OpF. Find the vertical line from 
frequency = IkHz Merk their intersection. 

. Extend a horizontal line from the intersection, to the left side. Read 
thevalueof I ZI (=16~).Also,youcancalc”latetheaccwacyusingthe 
following equation. 

IZI = Il/ZnfCI 

calculating equation of each parameter. B is a susceptance, I.e., a, 
Imaginary component of admittance. 
ESR = IZI cos0 G =(l/IZl)cosO 
x =IZIsinL2 B =-(l/IZl)sine 
LS = X,Zlrf L,, = -1 /ZnfB 
cs =-l/btx Cp =B/Znf 
Q = IsinSl/cos~ D =co~ft/IsinBI 

5. ~eaccuracytsthevsluethattheerrorof 1/2countofdisployIsadded 
to Imaximumvalue-measuredvalucl or Iminimumvalue-measured 
value I, whichever is greater. 

A.2 MEASURING SIGNAL 

Frequency 
Range: 120, lk, IOk, lOOk (Hz) 
Accuracy: ffl.O05% (It5Oppm) 

Signal level (HCUR open voltage with terminal) 
1Vrms: i3% at IkHz 

+A% at 120Hz to IOkHz 
16% at IOOkHz 

5OmVrms: +5% at 1kHz 
36% at 120Hz to IOkHz 

2. Find the accuracy from Table A-l, “sing the following parameters: 
5OmV. 1kHz and 10 to 2kR. 

3. When operating within e temperature range from 5 to 40-C, add the 
value In Table A-4. 

4. When accurec~ is needed for 2lMn or < 2n. interpolate the value 

17% et IOOkHz 
DC bias 

Internal: 2V,i5% 
External: 0 to-t35V 

according to Mote 3. 
5. Add *l/2 couot of display value. A.3 MEASURING RANGE 

Ex. 3: Find the accuracy when L = 68Opl-1, f=lOOkHz, while Q > 10. 
1. Find I Z I from Figure A-l Conversion Diogrem. 

. Draw e straight line from L = 68OpH, in parallel with the ascending 
lines. Find the intersection with the vertical line at frequency = 
1CQkHzz. 

N”mbcrofranges:6(Referenceresistance: IOBII, IkR, lOkfi,50k0, upper 
and lower extension ranges 2) 

Selection: Automatic 

A.4 MEASURING SPEED (reference value) 
. Read I Z, asshouminEx.2.Also,yo”cancalc”latc theaccuracyusing 

the following equation: Measuring time (fixed range end auto trigger mode) 
When therangetsnotswitched, thefollowingvaluesbecome effective: 

IZI = lZa,l 15011~s (t)qG IkHz, Ika 
6Wms (maul all ranges, all frequencies 

2. Find the accuracy from Table A-l, using the following parameters: 
f=lOOkHz end 10 to 2kn. Repeat procedures 3 to 5 in Ex. 2. 

Ex. 4: Find the accuracy of I Z I at any Band for parameters other than 0. 

Automatic range switching time (per range) 
The automatic range switching time is nearly equal to the measuring 
time.Whenthefreq”encyis~lZOHzand theimpedanceis~lMR,itwiJl 

1. Measure I Z I and 8, or calculate the accuracy, using the other param- taketimeforthemeasuredval”etostabilize.Whenmeasuringadevice 
eters. whoseimpedancechangesaccordingtothemagnitudeofthemeasuring 
Q=l/D 113 = IarctanQI signal, time will extend until the value of the device becomes stable. 

= ZnfLs/ESR lZl= 12nfLs/sinel Level witching stabilization time: 200111s to 43 

= l/OnfCs ESR) = II/(2nfCs sin 8) I The level switching stabilization time will change according to the 

= ZnfCp/G = I I/(zxfcp sin 0) I kindsofdevicesunder test.Tlmeincreaseswhenmeasuringnon-linear 

=I /QnfLp G) = I zxfLp/sln e I 
elements, such asdiodes, or when switching from 1V to 5OmV.Thisis 
the time required for the stabilization of measured values. The time 

f: Frequency (Hz) needed to change the device under test is excluded, 
Suffix e: Series equivalent circuit Bias stabilization time: (4 + 0.0150s 
p: Parallel equtva1ent clntit Where C=capacitance of deviceunder test OP). 

2. Find the accuncies of I Z I and B. Refer to Ex. 1. Frequency switching stabilization time: 15Oms to 4s 
3. Find the maximums and minimums of I Z I and 0 from the measured 

values and accurades of I Z I and 0. 
The frequency switching stabilization time increases when e high 
frequency is changed toe low frequency (e.g.: 1WkHz to 120Hz) 

Z ma, min = Measured value I Z I x [I f Accuracy of I Z I (%)/IO01 Also, time changes according to the device under test. This is the time 
0 max. min = Measured value 0 f Accuracy E (degree) required for the stabillzatlon of the measured value. The time taken to 

4. Find themaximums andminimumsof theparametersfor the four sets change the device under test is excluded. 
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A.5 TRIGGER 

Trigger mode: Automatic only. 
Trigger dclsy time: 0 to 199.99s 

A.6 MEASUREMENT TERMINALS 

4 terminals @NC) + guard tennlnal 

A.7 SETUP MEMORY 

Memory Content: All settabledata (except bias on-oft?. 
Bc,ttery Life: 3 years minimum when stored at 4oOC max. 

A.8 GPIB 

Interface Functions: SHI, AHI. T6, L4, SRl, RLZ, PPO, DCI, DTl, CO. 

Setting:Oftheltemssettablevis thefrontpanel,all theparametenexcept 
addressanddelimiterofGPlBcan beset.Also,trigger,OPEN/SHORT 
compensation and memory operation can be performed. 

Readout: All the settable parameters. measurement data and status. 
Standards: Based on IEEE-M-1978 and IEEE-488A-1980. 
Code: IS0 7 blt code (ASCII code). 

A.9 GENERAL 

Power requirements: AC line voltage: selectable to IOOV, IZOV, ZZOV, 
24oV f,O% (25OV max.). 48 to 62Hz, approx. 21VA. 

Operating Environment: 0” to 4O’C, 10 to 90% RH (non-condensing), 
Storage Environment: -10 to t5O”C. 10 to 80% RH (non-condensing). 
Dimensions, Weight: 216mm wide x 132.5mm high x 350mm deep 

(8-l/2 in. x5-1 /4 In. x 13.3/4 in.), excluding protrusions. Net weight 
3.6kg (7.9lb.j. 


