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() Pyvirvsd Application Note 339-8

' Constant Current Measurements Using the HP 4194A
— HP 4194A Impedance/Gain—Phase Analyzer -

— Introduction

— Measurement Requirements and HP 4194A ——

The HP 4194A Impedance/Gain-Phase An-
alyzer, with its advanced impedance measure-
ment capabilities up to 40MHz (up to 100MHz
when using the HP 41941A/B Impedance Probe
Kit), high resolution internal color CRT, and
equivalent circuit analysis function, is
ideally suited to the evaluation of ‘induc-
tors and crystal resonators. You can also
use the HP 4194A for constant current ap-
plications, even though the HP 4194A°s oscil-
lator level provides a constant voltage, by
using the Auto Sequence Program (ASP) inter-
nal programming function. Because the
HP 4194A has a level monitor function, con-
stant signal currents can be easily pro-
grammed. The variable oscillator voltage of
10mV to 1V (10mV to 1.26V when using the HP
41941A/B, Option 350) makes it possible to
provide constant currents, thereby improving
evaluation efficiency for current-dependent
devices at lower test cost. This application
note will be helpful in inductor manufac-
turers (e.g., coils, transformers, and mag-
netic heads),inductor users (e.g., regulator
manufacturers),crystal resonator manufac-
turers, and crystal resonator users.

Solutions

Many inductive devices, such as cored in-
ductors and transformers, and high dielectric
devices, such as crystal resonators, are cur-
rent dependent, and should be tested under
constant current conditions. Since most LCR
meters provide a constant voltage oscillator
level, an external computer is required to
provide the programming necessary for con-
stant current applications. Until now, that
is.

By using the HP 4194A°s ASP and test cur-
rent monitor functions, constant current mea-
surements can be programmed with ease. Pro-
vided here are two ASP programs, one for per-
forming fast constant current measurements
(without over-current protection) where cur-
rent accuracy is not vitally important, for
testing such devices as crystal resonators,
and another ASP program for performing highly
accurate constant current measurements.
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ASP Programs

High Speed version
(with no over-current protection)

Use this program when:
» Measurement speed is preferred over test
current accuracy.
» Testing devices whose impedance charac
teristics are not overly test signal
dependent.

When controlling the oscillator voltage to
obtain a constant current, the following
equation is used to determine the correct
voltage setting.

Ve = Icon x —Y&
Imon
where Vc is the correct oscillator voltage
setting
Icon is the specified constant
current
Vi is the initial oscillator voltage
setting
~Imon is the monitored current when Vi
is applied
(sTaRT)
Measurement
Condition | 20 - 150
Setup

FOR Frequency = START

10 STOP
lPre measurement | 180

Correct 0SC Level
calculation

= Vi
Ve = Icon x Tmon

Next Freguency
Point

|

FOR Frequency = START
T0 STOP

|

Set 0SC Level
to each Vc

160 - 200

190

230 - 310 240 - 270

Measurement | 290

Next Frequencyl
Point |

Display
END)

Figure 1 High-speed version flow chart

Before you begin making measurements, set
up an initial oscillator voltage setting and
measure the test current to estimate the cor-
rect oscillator voltage setting. Once the
correct oscillator voltage is established,
you can perform constant current measurements
at the desired oscillator voltage settings.
Figure 1 shows the flow chart and Figure 2
shows the program list for this high speed

-version ASP program,

Note:

* When measuring such test devices as
crystal resonators, the test current must not
exceed a specified value or the resonator’s
characteristics may change radically because
of its high dielectric constant. Set Vi to a
low value to avoid excessive current.

» Test current accuracy for this method
depends on the linearity of the test device.
The better the device’s linearity, the more
accurate the test current will be.

10 11 CONST (HIGH SPEED)

20 RST

3@ CMT"";SWT2;IUM2;SWP1;ASC2

40 START=100 KHZ

50 STOP=40 MHZ

60 R1=21

70 NOP=R1

8@ Ritl=.p0S

90 Ri18=100U

100 R93=1:R90=.01
]

! NO.OF POINT

! T CON.
! 0SC LIMIT

120 0SC=.07

130 TRE6M2

140 1

150 ITM1

169 FOR RO=1 TO Rt

170  SWM33MANUAL=X(RO)
tB@ TRIG

1990 RA(RO)=R10G+0SC/MON

200 NEXT RO

210 1

220 1TM

230 FOR RO=1 TO Rt

IF RA(R@)>RS9 THEN RA(R®)=R83:60T0 260
IF RA(R®)<RS2 THEN RA(RO)=R30Q
0SC=RA(RQ)

WAIT 100
SWM3sMANUAL=X(RO)

TRIG

RB{RO )=MON

31@ NEXT RO

328 AUTOA

33@ BEEP

340 DISP "PRESS CONT"

350 PAUSE

360 CMT " #ersvanssvenssnsscns
370 DSP3;UNITOQ

380 A=RA;B=RB

3590 BEEP

402 DISP “COPY TO PRINTER?
419 PAUSE

420 IF 1=0 THEN 6070 470

438 CMT"A= OSC(V) B= MONITOR I(A)"

! INITIAL OSC

0SC(v) MONITOR I(A)"

Y=1/N=0"

440 CPYM2 ,
450 CcoPY

460 CPYM3 RO : FOR NEXT counter for frequency sweep
470 END R10: Constant current (Icon)

R1 : Number of points

R1%: Maximum 0SC level resolution
R90: Minimum HP 4194A OSC level
R99: Maximum HP 4194A OSC level
RA(XX): 0SC level (Vi)

RB(XX): Monitor current (Imon)

Figure 2. High-speed version ASP program



High accuracy version

7 Use this program when:
» Constant current accuracy is preferred over

measurement speed.

In this method, a linear interpolation
search is performed to determine the oscilla-
tor voltage necessary to obtain the required
constant current. The oscillator voltage
setting is .derived from the difference value

Figure 4. High-accuracy version flow chart

between the V1/I1 and V2/I12 points as shown

in Figure 3. Maximum constant current ac-

curacy is achieved when the maximum oscilla- Meomdreron | 20 - 130

tor level setting resolution of 10mV is S'I“"

reached. Figure 4 shows the flow chart and P ———— ]

Figure 5 shows the ASP program listing _—{ To sT0P
Figures 6 and 7 show constant current- Peveem——

measurement results obtained when using the

high accuracy version ASP program. 0SC Tevel approxizating

180 - 150
Ve = Tcon x o —

Measurement

Figure 3. Linear interpolation model
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igure 5. High-accuracy version ASP program

t T CONST (HIGH ACCURACY)
RST
CMT* = FNC1yIMPISWT2)1UM2150P )1 4ASC2

START=100 KHI
STOP=40@ MHI
Ri= 58 t NO.OF POINT
NOP=R1
Rl1=.001
R12=100U !t 1 CON.
R89=1;R88=.01 1 0SC LIMIT
1
0SC=.85 | INITIAL OSC
TREMZ
[}
FOR R2=1 TO R}
SWM3 1 MANUAL=X{R@ )
TRIG
R20-0SC/MON
RA(RO )=R10+R20
IF RA(RO)>RY9 THEN RA(R®)=RS3 G0TO 220
IF RA(R@)<RI® THEN RA{R®)=RSB
0SC=RA(RR)
WAIT 100
TRIG
RB(R)=MON ]
IF RB(RO)>R1@ THEN R21=R9B1R22=RA(RO ) R31=RI0Q/R201R32=RB(RE);160T0 260
R21=RA{RQ »1R22=RY3 1R3 | *RB( RA ) 1R32=RII/R20
R23=RA(R®)
IF R32=R31 THEN R24=R23 ;6070 430
R23=(R22-R21 ) ({R10-R31 )/ (R32-R3) )+R21
IF ABS(RA(R®)-R23)<R11 THEN 430
RA(RO )=R23 .
IF R2Z3>R99 THEN R23-R99:60T0 250
IF R23<R9Q THEN R23-R90
05C~R23
WAIT 100
SWM3 | HANUAL=X(RD)
TRIG
RB(RD )=HON
IF RBIRO)(=R1® THEN R21~R23:R}i1=RB(RD)I60TO 420
R22+R23:R32=RB(RA)
IF ABSCRB(RQ)/R10~1)>,0001 THEN 298
!
NEXT RO
AUTOA
BEEP
DISP "PRESS CONT®
PAUSE
CHT“sssvscasnssssnsnenss  QOSCIY) MONITOR 1(A)*
DSP3)UNITO
A=RA|B=RB
BEEP
DISP "COPY YO PRINTER? Y=I/N=0"
PAUSE
IF 1=2 THEN GOTO 600
CHT*A= OSC(V) B= MONITOR I(A)" :
tPYM2
coPY
CPYN3
END RO : FOR NEXT counter for frequency sweep
R10: Constant current (Icon)
R1 : Number of points
R11: Maximum 0SC level resolution
R90: Minimum HP 4194A 0SC level
R99: Maximum HP 4194A 0SC level
RA(XX): 0SC Yevel (Vi)
RB(XX): Monitor current (Imon)
R21: Vi
R22: V2
R31: I
R32: 12
R23: V3

A

Figure 6. Constant current measurements
of an inductor (51 point measurement)
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Figure 7. Constant current measurements
of an inductor (21 point measurement)

A= OSC(V) B= MONITOR I(A)

N FREQUENCY [ Hz)

1 100 200.000
2 134 928.28S
3 182 056.420
4 245 B645.605
S 331 445.402
6 447 213.595
7 603 417.634
8 814 181.063
9 t 998 560.543
10 ! 482 268.898
ti 2 000 000.000
12 2 £98 S65.695
13 3 641 128,406
14 4 912 912.104
15 6 628 908.035
15 8 944 27t.910
17 12 968 352.673

18 16 283 621.261
19 21 971 210.866
20 29 B45 377.964
21 40 000 000.000
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10.0000 m 162.210 u »
10.0000 m 143,119 u »
10.0000 m 122.365 u «
10.0000 m 100.409 u
12.531@¢ m 99.7758 u
16.0774 m 100.269 wu
21,1683 m 99.9757 u
28.7875 o 100.107 u
39.7208 n 100.333 u
$4.7709 n 99.911 u
82.5323 m 99.7481 u
145,956 n 100.332 u
416.531 m 120.938 u
543.954 m 180.058 u
166.047 m 99.7903 u
82.8876 m 100.024 o
61,9393 m 100.134 .u
43.9394 n 99.5811 u
30.6516 m 100.217 u
28.8073 m 99.8141 u
20.9204 99.7913 wu

* The HP 4194A's 0SC level has been reached

minimum level.
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