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INTRODUCTION

The HP 4142B Modular DC Source/Monitor is a high speed,
highly accurate computer-controlled DC parametric
measurement instrument for characterizing semiconductor
devices, such as MOSFETs, GaAs devices, operational
amplifiers, etc., plus other components, such as capacitors,
insulators, etc.

This Application Note provides helpful information on using
the HP 41428, and includes many application examples.

Chapter 1 describes techniques for high-speed measurement
of low currents, and how to prevent oscillation in high-
frequency semiconductor devices.

Chapter 2 describes practical application examples utilizing
the Analog Feedback Unit (AFU) and various testing
capabilities of the HP? 4142B such as synchronous staircase
sweep, high-speed spot measurements, etc.

For the basic principles of HP 4142B operation, refer to the
application note “High Speed DC characterization of
Semiconductor Devices from Sub pA to TA” (Application Note
356).

HP 4142B Modular DC Source/ Monitor

Module Configuration as shown below

Model Description ann—
tity

HP 41420A  Source Monitor Unit 1
10uV~200V/20fA~1A

HP 41421B  Source Monitor Unit 4
40uV~100V/20fA~100mA

HP-41424A  Voltage Source/
Voltage Monitor Unit 1
1mV~40V, 20 uA~100mA[4V~40V

HP 41425A  Analog Feedback Unit 1




1. TECHNIQUES FOR HIGH THROUGHPUT AND
STABLE CHARACTERIZATION

~ 7 High Speed Measurements of Very
Low Currents

Electronic devices made by advance process technology, such
as micro lithography, require highly accurate high speed
measurements of very low currents. This section describes
several programming techniques that will enable you to make
high-speed, low currents measurements.

Generally, the higher the accuracy of measuring picoampere-
level currents, the longer the measurement time. This is due
to the following reasons:

1. The ranging time required for switching to a low current
range increases.

2. A lower current range requires longer time for charging
the parasitic capacitance of devices and the test system.

3. Since the frequency bandwidth of the measuring
instrument is narrower with a lower current range, the
settling time becomes longer.

4. Lower current ranges require a longer time for averaging
in order to reduce the influence of noise.

5. In low current ranges, devices and dielectric absorption
elements in a test system have a great influence on the
time required for settling after a change of set voltage.

Important points for compensating for these conditions
when measuring low currents at high speed using the
HP 4142B are described below.

¢ Minimize Ranging Time

“a current range is not specified, HP 4142B operates in the
»-ranging mode. In other words, the current ranges are
-witched one by one, starting from the range determined by
current compliance, until the current range of maximum
resolution without overflow is reached. The HP 41428 has ten
current ranges. This means that it may be necessary to
traverse across as many as nine ranges in some cases.

Table 1.1.1 lists typical times required for switching from
one range to another. The values in the table include waiting
time accompanying range-switching operation. The table
shows that the lower the final current range in auto-ranging
mode, the longer the time required for switching (ranging
time).

Table 1.1.1 Typical Time Required for Switching from One Range
to Another

[r trange Ranging time =i {‘
100 kA~ A 10 ms j
10nA~ 100 A 7 20 ms ‘

I nA~10nA 1 50 ms

To specify a current range, two ranging methods are
available: Limited Auto-Ranging and Fixed-Range. Limited
Auto-Ranging allows automatic range changes between the
specified range and higher ranges. This method does not
involve unnecessary switching to a lower current range, and
thereby reduces the ranging time accordingly.

Another method is Fixed-Range operation, in which the
~~ge is switched from the present range to a specified range

3 the shortest route. For example, switching from 100uA
.dal range) to 1 nA {minimum range) in the fixed range
mode takes about 50 ms including waiting time (>>130 ms in
auto-ranging mode). Therefore, to minimize the ranging time,
it is recommended to specify a range and switch to it in the
Limited Auto-Ranging mode or Fixed-Range mode.

e Consideration of Balance between Maximum Resolution and
Measurement Waiting Time

Table 1.1.2 lists the ratio of measurement waiting time of
three low current ranges (taking the waiting time for the 100
nA range as 1) and the maximum measurement resolution.

The table shows that in low current ranges the waiting time
doubles successively for each lower range. It is therefore
desirable to select the range that provides acceptable
resolution with as large a full scale as possible.

Table 1.1.2
| 1 range Wait time* 1 Resolution (measurement)v ]‘
100nA G 2 oA '
oA | 2.4 200 tA
InA 5.5 ) R

* Ratio from the time at 100 nA

¢ Minimizing Settling Time

The settling time is the time required to settle to a newly set
value when the setting of the Source/Monitor Unit (SMU)
output is changed. The settling time consists of a slewing
period and a period of convergence to a final value.

Figure 1.1.1 shows an example of a measurement circuit
applying a voltage to a load resistance. figure 1.1.1 (a) shows
the case of a purely resistive load. The SMU output rises at
the maximum slew rate, which is determined by the SMU
current range and current compliance. Figure 1.1.3 shows the
maximum slew rate with respect to current compliance.

In actuality, there are stray capacitances in the
measurement environment, such as in the instrument, cabling,
fixturing and DUT, so the slew rate is limited by current
compliance Ic and load capacitance Ct to I¢/CL.

Figure 1.1.2 shows this situation with the SMU operation
curve. Route (3 corresponds to figure 1.1.1 (a), and routes (&
and @ to figure 1.1.1 (b). In other words, if the DUT has
parasitic capacitances, the SMU operates with constant
current while the voltage is rising.

Route (® represents the case of small-current compliance,
and @ large current compliance. It is assumed, in the case of
route (&Y, the current is decided by the maximum slew rate of
the SMU, while, in other case @, the current is limited by the
current compliance.

After the slewing period, the SMU operates with constant
voltage (from points B and B} until converging to the final
value at point A. This period of convergence is longer for
lower current ranges.

Thus, to minimize the settling time, set as large a current
compliance as possible when changing SMU output.

e Example

This section gives an example of measuring low currents
using an actual device. Figure 1.1.4 shows a measurement
circuit, items being measured, and test conditions. Figure 1.1.5
shows the SMU output voltage waveforms during the
measurement: (a) corresponds to leakage current
measurement in the auto-ranging mode, and (b), to the
measurement in the limited auto-ranging mode. This shows
that the total measurement time is reduced by about half.




Figure 1.1.1 SMU Qutput Change Figure 1.1.4 Diode Test Example
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Preventing Oscillation in
High-Frequency Devices

When measuring parameters (HFE, gm, etc.) of
high-frequency devices like power MOSFETs, GaAs MESFETs
and high-frequency bipolar transistors using an HP 41428 SMU,
oscillation may cause measurement problems. This section
describes oscillation problems and techniques for solving them.

There are two type of oscillation that may occur when using

SMUs.

1. Oscillation Related to the SMU
{Oscillation frequency <7 300 kHz)

1) Oscillation of SMU output part {(guard amplifier*) caused
by inductive load
(2) Oscillation when inductive load is connected to SMU in |
source mode.

* Note: The guard amplifier forces a guard voltage. (See A/N356 p.2.)

2. Oscillation Not Related to the SMU
(Oscillation frequency > 3 MHz)
Oscillation associated with the following devices:

(1) FETs (power MOSFETs, GaAs MESFETs)
(2) High frequency bipolar transistors

Oscillation in 1. may not arise as a problem because the
“inimum capacitance required to prevent oscillation is added
he SMU output part. This section, therefore, will focus on
« oscillation not related to the SMU.
This section uses GaAs MESFET as an example and
describes conditions for oscillation and techniques to prevent
oscillation.

¢ Conditions for Oscillation
Figure 1.2.1 shows the general setup of a measurement
circuit. Suppose that both drain and gate are connected to the
SMU in the voltage mode via a cable of 1.5 m to 3 m length.
Figure 1.2.2 shows an AC equivalent circuit. The output
impedance of the SMU at 3 MHz or higher is capacitive
regardless of the SMU operation mode {voltage/current mode)
and so can be considered as equivalent to a common voltage.
It can be seen that this circuit forms a negative feedback
amplifier, with feedback by Cgd. If this negative feedback
amplifier meets the conditions for oscillation, it becomes a
Hartley oscillator. The frequency of oscillation of the circuit is
expressed as
fr=— 1
YT 2n/1gCgd
When Lg = 1 uH and Cgd = 100 pF, the frequency of
oscillation is calculated as
R S
fo= an/ioe o - 1o MHz

Figure 1.2.1 General Setup of a Measurement Circuit
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Figure 1.2.2 AC Equivalent Circuit

Figure 1.2.3 Equivalent Circuit with an Open Feedback Loop
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Next, let us examine the conditions for oscillation from the
aspect of loop gain. Figure 1.2.3 shows an equivalent circuit
with an open feedback loop. In the figure, rs and Ls are
stabilizing elements and considered as 0 in the worst case.
The voltage-controlled current source is inverted to make the
polarity of loop gain positive. The equivalent circuit can be
divided into three blocks: amplifier, load impedarice, and
feedback circuit.

Now, let us look at the feedback circuit. In a frequency
range of 3 to 30 MHz, we can assume the following:

1

Cgs, therefore, can be omitted. As a result, the feedback
circuit can be represented as shown in figure 1.2.4. Figure
1.2.5 shows the transfer characteristic of the circuit.

Figure 1.2.5 (a) shows the gain and phase characteristics,
and figure 1.2.5 (b) the characteristics represented on a
vector plane.

The transfer characteristic of the feedback circuit has a
resonance point, the peak of which is equal to Q of a series
resonance circuit.

Next, let us look at the load impedance. In a frequency
range of 3 to 30 MHz, the following can be assumed:

1
L
oCos > wld

The load impedance, therefore, can be considered to be
inductive.

Thus, the frequency characteristic of loop gain is
represented on a vector plane (Nyquist Plane) as shown in
figure 1.2.6 @. In the figure, point U (-1, 0} is where the
conditions for oscillation are met, and point I’ is where loop
gain is at its peak. Spacing between points U and I’ is
proportional to the gain margin. As the spacing is reduced,
oscillation is more likely to occur. The maximum loop gain at
point I’ is proportional to gm, Q of the feedback circuit, and load
inductance Ld. Therefore, conditions for instability are as
follows:

® More unstable as gm increases.
e More unstable as Lg increases or rg decreases.
® More unstable as Ld increases.

Figure 1.2.7 shows the qualitative interrelationship of gm,
Lg, and rg with respect to their influence on stability.

Figure 1.2.5 Transfer Characteristic of Feedback Circuit
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Preventing Oscillation
[aking into consideration the above, the following methods
can be used to prevent oscillation (figure 1.2.8).

(D Add external series resistance Rg or resistive ferrite beads
at the input to the gate.

Add a series RC circuit between the gate and drain.

Add a series RC circuit between the gate and source.

Add a bypass capacitor between the drain and source.

OO

Reasons for these methods are explained below.
First, method (O is intended to increase the gain margin by
decreasing the Q of the feedback circuit and thereby reducing the
loop gain. Since the resistive impedance of ferrite beadsisat most
100 ohms or so, devices of large gm require multiple sets of ferrite
beads.

To make the measure effective, Rg must meet

- 1

Rg = wolg

where wo: frequency of oscillation (wq =2mfo)

If an external resistance cannot be inserted, for example
when the gate resistance rg of the device itself is to be
measured, methods @) and @) are effective. The additional RC
element operates near a resonance point of the feedback
circuit to reduce the peak of the loop gain that would occur
due to resonance. These methods bring the loop gain to
characteristic ® in figure 1.2.6 and thus add an increase of
gain margin, thereby stabilizing the operation of the SMU.

To make the solutions effective, the additive elements must
neet the following criteria:

(i) Ry, R. </ L&

Cgd

(i) =1

—1 <«
CiR,’ CR, —@°

Method @ reduces the inductance due to a long cable
connected to drain and source by means of the bypass
capacitor, and thereby decrease the loop gain.

Connect this bypass capacitor as near the device as possible.
The capacitance should be in the range 100—1000 pF. Do not
use a large capacitance, otherwise the SMU will oscillate or
respond slowly.

The above description used a GaAs MESFET as an example
of a device. The same solutions can be applied to power
MOSFETSs and high-frequency bipolar transistors to prevent
them from oscillating.

6

¢ Example

This section gives an example of oscillation during an actual
measurement and describes methods for preventing
oscillations. This example concerns the measurement of the
1d-Vds characteristics of a GaAs FET having the characteristics
shown in table 1.2.1. The device and HP 4142B are connected
via a 1.5 m cable. Figure 1.2.9 shows the measurement
results. With Vds = 0.5 V or higher, proper measurement is
not possible due to oscillation. The oscillation waveform is
shown in figure 1.2.10. The oscillation frequency and
amplitude are 26 MHz and 8 Vpp respectively.

To prevent oscillation, an RC circuit is inserted between the
gate and drain as shown in figure 1.2.11. Figure 1.2.12 shows
measurements after inserting the RC circuit. The
measurement can be made properly after this has been done.

Table 1.2.1
Parameter Value Unit Conkditions
ldss 10 7 A Vas = 0 |
vt =23 | V0 = 100 A, Vds=0.1V |
gm 3 S ld = 0.6A, Vds = 4V V
Cgs 138 PF Vas= 0.1s=0
Cgd “ 25 P? | Vg = ~74;/,77Idﬁ:ﬁr




Figure 1.2.8 Methods to Prevent Oscillation
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2. APPLICATION EXAMPLES

*.1 Bias Source in S Parameter
Measurements

S parameter measurement using network analyzers is a very
commonly used method for evaluating high-frequency
semiconductor devices, such as GaAs MESFETs and
microwave range bipolar transistors (BJT). Use of the
HP 41428 as the external bias source improves device
characterization by using the advanced output control
capability of the Analog Feedback Unit {AFU).

This section shows the advantage of the HP 41428 by
reviewing B]JT measurements as an example.

Present biasing difficulties are as follows:
b4

(1) Biasing Point Drift

The usual S5 parameter test set uses two independent DC
bias sources to supply bias to the base and collector. By this
method (figure 2.1.2), the biasing points tend to drift due to
internal heating caused by current flows as shown in figure
2.1.3(a) . This is because le-Vbe characteristics and HFE are
temperature dependent (figure 2.1.3(b}).

(2) Unexpected Damage to Test Devices

Such high-frequency devices can easily be damaged by spikes
during biasing.

Using the HP 4142B AFU with two SMUs solves these
problems. Figure 2.1.1 shows the HI> 41428 test setup. SMUT1
supplies Vce, and SMU?2 supplies Vbe and Ib. SMUI monitors
the current, and the AFU operates SMU2 in response to the
monitored current. Figure 2.1.4 shows a simplified feed back
'oop to stabilize Ico. This method has the following

dvantages:

(1) A stable biasing point that eliminates drift because the
AFU regulates IC to a steady specified value.

(2) A slew rate that is programmable from 0.5 V/s to 50kV/s
without spikes, thus preventing device damage.

Using the HP 41428 as shown in figure 2.1.1 enables reliable
measurements up to =500mA (limited by HP 85046 A).

Figure 2.1.5 shows an example of measuring the S
parameter by the method of biasing using the AFU and the
circuit in figure 2.1.1, then calculating fr from the measured S
parameter.

Figure 2.1.1 S Parameter Measurement Circuit
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2.2 HP 4142B and External Power
Supplies

The combination of the HP 4142B and an external power
supply can easily evaluate the characteristics to 1 A or higher.
This section describes the method of evaluating characteristics
of power devices by effectively combining an external power
supply and the Analog Feedback Unit (AFU).

Figure 2.2.1 shows an example of a measurement circuit to
measure the gm and ON resistance of a power MOSFET by
the combination of an external power supply with a maximum
current of 10 A (HP 6621A) and an HP 4142B. For this
measurement, use an external power supply of the series

regulator type featuring quick response. Measure a current by .
measuring the voltage drop across external resistance Rs.

To set bias points Vds, Id for measuring gm, first use the
AFU to establish the gate bias Vgs that gives bias point Id,
then apply voltage pulses of this Vgs to the gate (pulse width
1 ms). (Pulse mode measurement, see figure 2.2.2.)

As for ON resistance, use the external power supply in the
current mode, measure Vds by the voltage monitor (VM) of
the HP 4142B, then calculate ON resistance as

- Vdso
Row = Ido

Figure 2.2.1 Measurement Circuit with External Power Supply
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2.3 Evaluation of Solar Cell
Characteristics

Recently inexpensive solar cells with high conversion
efficiency made of amorphous silicon and other materials have
been developed and used in many fields.

The power SMU of the HP 4142B (200 V/1 A) enables easy
and quick evaluation of V-I characteristics of solar cells with a
maximum current up to 1 A.

Figure 2.3.1 shows a measurement circuit for solar cells. The
circuit can be made up of just the 200 V/1A range SMU and
GNDU. Expose a solar cell to light, increase the output
voltage of the SMU from 0 V, and measure the current lo
flowing from the solar cell to SMU (figure 2.3.2). The
measurements yield the maximum power (Pmax) and
optimum voltage/current (Voc) when the terminals are open,
and short-circuit current (loc).

Figure 2.3.1 Solar Cell Measurement Circuit
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2.4 Evaluation of CMRR, PSRR, and
Open Loop Gain of an Opamp

This section describes how to measure important parameters
of an operational amplifier (opamp), CMRR, PSRR and open
loop gain, using various sweep functions and highly accurate
measurement.

Figure 2.4.1 shows the opamp measurement circuit. The
measurement circuit uses the NULL AMP method. The
measurement circuit uses two SMUSs to supply power to the
opamp to be measured, one SMU to set its output voltage,
and VS/VMU to measure the output voltage of the null amp.

¢ CMRR Measurement

Operate the SMU used to supply power to the DUT to vary
the common-mode voltage from -12 V to 12 V to DUT in the
synchronous sweep mode as figure 2.4.2. Measure the null-
amp output voltage Vo to obtain the change in input offset
voltage caused by the common-mode voltage (figure 2.4.3).

The CMRR is obtained as

, s 0Vo 1T (o
CMRR = (A\'( o 1000)

where

AVo: change in null-amp output

AVceo: change in common-mode voltage

Figure 2.4.4 shows an example of measurements of a
TLO71.  Note: See the sample program list on page 17,

® PSRR Measurement

PSRR is defined as the ratio of the change in input offset
voltage to the change in power supply voltage producing it.
Vary the power supply voltage (+Vco) from 5 V to +15 V
in the synchronous staircase sweep mode (figure 2.4.5).
Using the changes in input offset voltage thus obtained,
PSRR is calculated as
AVo 1

pray |
PIRR (Ve 000)

where AVce: change in power supply voltage
Figure 2.4.6 shows an example of measurements of a

TLO71.

¢ Open Loop Gain Measurement

Vary the SMU3 output voltage to the DUT and obtain the
open loop gain from the resultant change in input voltage. In
other words, perform a staircase sweep of the SMU3 output
from -10 V to 10 V, and measure the input voltage. Then,
the open loop gain is calculated as

AVo 1 I
Ad - (7 AV, 1000 )

where AV change in DUT output voltage, equal to SMU3
change.

Figure 2.4.7 shows an example of measurements of a TLO71.

Figure 2.4.1 OFP Amp Measurement Circuit (INULL AMP Method
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Figure 2.4.2 Force Mode on CMRR Measurement

Figure 2.4.5 Force Mode on PSRR Measurement
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Figure 2.4.3 Measurement Results (CMRR)

Figure 2.4.6 Measurement Results (PSRR)
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5 Transient Thermal Resistance
Measurements

The thermal characterization of power semiconductor
devices is important for predicting the reliability and
performance of these devices, and ensuring their safe
operation. This section gives information about the transient
thermal resistance of bipolar power transistors and the
method for measuring thermal resistance.

Usually, thermal resistance is defined as the ratio of the
applied power dissipation to the temperature rise at the
reference point. The temperature rise is caused by thermal
conduction from a heat source (PN junction). Therefore, a
certain amount of time which is proportional to the thermal
time constant, is required for the device to reach steady state.
The ratio of the temperature rise to the applied power in the
transient state is defined as transient thermal resistance
(figure 2.5.1). Figure 2.5.2 shows the structure of a package
device. Component parts are made of different materials with
various masses and thus have different thermal resistances
and thermal time constants. Figure 2.5.3 shows an electric
circuit model of the device.

The concept of thermal resistance is based upon an analogy
between the electrical and thermal properties of materials,
with temperature, power dissipation, and thermal resistance
being analogous to voltage, current, and electrical resistance
respectively. One of the aims of transient thermal resistance
measurement is to ensure satisfactory contact between the
silicon substrate and case. If the attachment is nonuniform
and there are voids, the thermal resistance between the

tbstrate and case will be higher. This can be detected by

.easuring the transient thermal resistance between the
junction and the case.

Figure 2.5.4 shows the measurement circuit. This example
uses two power SMUs (200 V/1 A) and one GNDU. Power to
be applied to a device is set by the product of Vg and Ir. Set
Ven with SMUT, and apply Iz in the form of pulses with
SMU2. For example, with Ves = 20 V and e = 0.7 A, peak
power is approx. 14 W.

To obtain the junction temperature (Tj), use the
temperature coefficient of Ve (approx. -2 mV/{°C). To estimate
Tj, accurately, measure the temperature coefficient at a certain
bias current {Ie1) in advance.

In this example, Va1 is sampled N times by high speed spot
measurement (figure 2.5.5) (“TV” commands are written to
program memory of the HP 4142B N times, and then
triggered.). Bias (le)) must be set such that power applied to a
device small. For example, set the bias to 1 mA.

Plot the Ve values thus obtained using VT along the
horizontal axis (figure 2.5.6). In the range of small t, the plot
forms a straight line. Obtain Vee at t 0 by drawing an
asymptotic line. Subtract Ver before applying pulses from the
value of Var thus obtained, then divide by the temperature
coefficient of Vst to obtain the junction temperature rise.

K
where K: temperature coefficient of Vpe

AT =

From the temperature rise of this junction and applied
power dissipation (14 W), transient thermal resistance Rth (t)
for the pulse width used in this measurement is obtained as

AT

1')

Figures 2.5.6 and 2.5.7 show actual measurements of a
power transistor with Iems = 10 A and Pemex = 150 W,

Rth (t) =

Note: See the sample program list on page 18.

Figure 2.5.1 Temperature Rise after Forcing Power
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Fiqure 2.5.4 Transient Thermal Resistance Measurement Circuit Figure 2.5.7 Measurement Results
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5 Dielectric Absorption Measurements

When using a capacitor in circuits requiring high accuracy,
such as S/H circuits and integrator circuits, dielectric
absorption must be taken into consideration. This section
describes how to measure dielectric absorption.

Figure 2.6.1 (a) shows the principle measurement diagram.
Capacitor Cx to be tested is charged for time t at constant
voltage, is discharged (short circuit) for the same time t, then
is disconnected from the circuit (figure 2.6.1 (b)). After such
an operation, the capacitor terminal voltage usually increases.
This is because an actual capacitor does not have an ideal
capacitance and there exist dielectric absorption elements (C1,
R1, C2, R2) as represented in figure 2.6.2.

Figure 2.6.3 shows an actual measurement circuit using an
HP 4142B. The measurement circuit setup is very simple
because the SMU serves as a voltage source for charging and
discharging and as a voltmeter when the capacitor is
disconnected (open circuit).

Set the SMU using the following procedure. First, set the
SMU to operate as a 10 V voltage source for time t to charge
the capacitor.

Next, set the SMU as a 0 V voltage source for the same
time t to discharge the capacitor. Then, set the SMU to act as
a voltmeter (current compliance 0A) and sample the voltage N
times by high speed spot measurement (figure 2.6.4). For
quicker measurement, write N “TV” commands to the
HP 41428 program memory.

Figure 2.6.5 shows an example of measurements, a test of a

1 uF ceramic capacitor and a 0.01 uF polyester film

_pacitor. It can be seen from this example that the dielectric

absorption characteristic of a ceramic capacitor is very poor.

Figure 2.6.1 Dielectric Absorption Measurement
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200 OUTPUT @DSM;*DV2.0.10"

210 WAIT 0.1
220 OUTPUT @DSM ; “DV2.0.0”
230 WAITO.I

240 OUTPUT @DSM; “D12.0.0.3"
240 OUTPUT @DSM :“DO |

YOUT (v

Figure 2.6.5 Measurement Results
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2.7 Simplified Capacitance
Measurements using the AFU

The HP 41428 does not have the capability of measuring
capacitance using AC signals, but it enables measuring a
capacitance ranging from 10 pF to 10 nF or so by the DC
method using a precision low current source. This section
describes a simplified capacitance measuring method using the
AFU as a timer for time measurement.

Figure 2.7.1 {a) shows the principle of measurement. When
constant current lo is applied to capacitance Cx, terminal
voltage Ve increases linearly at a gradient of lo/Cx (figure
2.7.1(b)). The terminal voltage at time t:, therefore, can be
calculated as

Velt) =22,

One of the two following methods can be used to obtain Cx:
1. With charging current lo and charging time t; given, the

terminal voltage at t: is measured to obtain Cx.
2. With charging current fo and terminal voltage given, ti is
measured to obtain Cx.

In method 1, there are two ways of setting the charging
time: one is to use current pulses and set the pulse width, and
the other is to use the system controller’s timer. The
disadvantage of using current pulses is that the range of
current pulses (100 gA min, = 20 V range) has a lower limit.
The disadvantage of using the system controller’s timer is
that there is a differénce in time resolution with various
models. This section describes an example of capacitance
measurement by method 2. This method uses the AFU as a
timer for measuring ti.

Figure 2.7.2 shows an example of an actual measurement
circuit. Use SMUT as a sense SMU, and SMU2 as a search
SMU. Keep the output of the SMU2 disconnected. The AFU
is used in the ramp mode only. First, set charging current lo,
target voltage Vct and ramp speed RS, then trigger the
measurement. {Set the hold time, delay time, and feedback
integration time to 0, 0, and minimum respectively.)

Figure 2.7.3 shows the change in outputs from SMUT and
SMU2. Charging time t; is obtained by measuring Vs as

/s
= i

Then, capacitance Cx is obtained as

-, - _lo lo Vs

Ot Ve RS
Although the hold time is set to 0, preprocessing by the AFU
causes a time lag (4 ms to 5 ms) between rise of charging
current and start of ramp voltage. To minimize the error
caused by this time lag,make the charging time at least 40-50
ms by adjusting Vs and RS.

The measurement range of this method is expressed as

C= 10pF ~ 10nF +10%
(t = 50ms, Voo = 10V, lo = InA~1uA)

Note: Sec the sample program list on page 19.
pie prog pag

Figure 2.7.1 C Measurement Principle
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.8 Noise Evaluation by FFT Analysis

The precision measurement performance of the HP 4142B
{(17-bit accuracy) and improved time resolution (1 ms) enable
fast Fourier transform (FFT) analysis with a maximum
frequency of 400 Hz and dynamic range of 80 dB or more.

This section describes how to evaluate the noise
characteristics of an opamp by FFT analysis using high-speed
spot measurements.

Figure 2.8.1 shows the measurement circuit. Set the gain of
the opamp to 1000x, connect a low-pass filter to the output to
prevent Aliasing effect, and connect the VS/VMU.

Write N “TV” commands to the HP 4142B program memory
to enable trigger measurements and sampling to be done at
maximum speed. The sampling interval ts should be about 1.2
ms (figure 2.8.2). Make the number of sampling points a
power of 2 for convenience in FFT operation. (N=512
maximum because of HP 4142B data memory capacity in
ASCII Data format)

Weight the obtained data by a proper window function
Hanning, etc. and then perform the FFT.

The results obtained are in the form of a complex number,
and the power is the sum of squares. Divide it by the
maximum frequency resolution {corresponding to the filter
width) to obtain the power spectrum density. (This value is
independent of the number of sampling points N and interval
ts.)

Figure 2.8.3 shows an example of measurements. This graph
shows the noise characteristics of a TLO71 FET opamp. The
average noise level at T00 Hz and above is about 20—30

nV/iHz.

Vote: See the sample program list on pages 20--21.
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APPENDIX

PROGRAM Listings
CMRR Measurements

CONNECTION: SMU1 HP41420A Slot 1, 2
SMU2 HP41421B Slot 3
SMU3 HP41421B Slot 4
VS1, 2 HP41424A Slot 6

Hi Yal42B OF AMP EVALUATION EXAMPLE
20 'CMRR
30 HHTIHN BASE !
40 DIM DCTOTY JECT0TY ,F 1D
50 GCLEQR
U
70 ,.fPhT J22 " =RETY
s !
40 OuTrPUT 9
100 QuTrRUT L
HERE QUTPUT 722:"aV16 .10
290 !
130 OQUTPUT 7223"MMZ, 16"
140 '
150 aUTPyT ’>>~”UVI’ te, s
160 OuTPUT bz h, S
170 t
] COUTPUT 722 UMig 2
190 !
200 QUTPUT 722:7Dv4g .11,
210 QUTRPUT :”NV;,1; ..... L, 27,107,005
270 HITPbT 7:::“N%v“.13.w27‘~3,0.05”
230 YOUTPUT 722,"KWT0O,1E-3"
240 QUTPUT 722¢"XE"
250 ENTER 722 D(=)
26U Lingraph(-12,12,70,15%0,"Veommon (V)" "CMRR
70 G=1000

Du=24/100
FOR L=1 7O 1071
DCLy=DL» /G
NEXT L
FOR K=2 7O 100
IF D(K+?)~D(K—1):O THEN
E 1

MHUE F) D\j‘b;,F E))

FOR M=65 T 96
DRAW M=Dv-12

NEXT M

OUTPUT 7227 =RST"

'Dump _screen

s END

JEAMD

0
)
=g
i

(K)=E(K-
ELSE
F(R /* 20=LGTABS(2=DV/(D(K+13-D¢(

END If
NEXT K
FOR I=6 TO 96

FOeD)=(E T+ +ECT++ECT+2) +E (T + 1) +EC
NEXT I

-1

CIY+ECTI -1 +E <

(DB ™,

"CMRR

I-2)+ECI-20+ECTI-4)) /9

(TLU7!

IR



ransient Thermal Resistance Measurements

CONNECTION: SMU1 HP41420A Slot 1, 2
SMU2 HP41420A Slot b, 6

10 141428 APPLICATION EXAMPLE
20 ' TRANSTENT THERMAL RESISTANCE
3 OPTION BASE 1
40 ASSIGN @Dsm T0 722 ' DC SOURCE/ZMONITOR
S0 COM @Dsm
60 DIM DCI0) ,ECIOD)
61 N=101
C !

3 QUTPUT @Dsm; "=RST"
QUTPUT @Dsm;"CN”
guTPUT @Dsm;"FLO"
QUTPUT @Dam;"AVT, 1"
OUTPUT @Dsmy'"MM3,2"
'YSET_UP
OUTPUT @Dem;"SCRY
DUTPUT @Dsm;"ST1Y
DUTPUT @Dsm;"'DV2,12,20,0.7"
QUTPUT @Dsm;"DI6,20,-1E-3,-7"
OUTPUT @Dsm:"PI6,20,-1E-3,-0.7,-1"
QUTPUT @Dsm;"PTO,50E-3,0"
DUTPUT @Dsm;"XE"
FOR L=1 TO N-1
QUTPUT @Dem ;" TVG, 11"
NEXT L
QUTPUT @Dem: "END™
1

— T

D~ T LT D B Lo QPO PO O

P,

R

P A e R N A

Pl e
e 0

1

Timel=TIMEDATE
QUTPUT @Dsm:"DOTY
OQUTPUT @Dem; ""=0PCY
ENTER @Dsm;f
Times=TIMEDATE
Pwu=5%,0E-2
Dt=(TimeZ-Timel-FPuw) /N
FOR k=17 TGO N
ENTER ®Dsm:D(K)
NEXT K
YCALCULATION
Pow=.7=(20+ABS(DC(1) )
’ A=2.E-3 tYBE TEMP COEFFICIENT
246 B=D(2)-(D(2Y-DC12)) /{SAR(D ) -SARD =11y =50R(D D
247 Duvbe=0BS(B-D(N))
248 Dtj=Dvbe/R
249 Rth=Dtj/Pou
252 tREPORTING
253 PRINT
254 PRINT " TRANSIENT THERMAL RESISTANCE RthCC/WO™M
255 PRINT
256 PRINT " FORCING POWER PULSE : 19W , S0ms"

257 PRINT " DELTA Vbe ;" Dvbe=1 E+3:" (m\D"
258 PRINT ™ DELTA T3 SIS A
259 PRINT " Rth SRthy T (C/HDY

261 tPLOTTING

262 Lingraph(0,SGR(NxDt) ,DC101)-5,0E-3,D(2)+5.0E-3,"SARCt)" " -VRE )" "COOLIN
G CURVE", D

271 MOVE SQR(DE),DC2)

287 FOR J=3 TO N

g2 DRAKW SARCJ=Dt) , DD
a3 NEXT J

258 'Dump_screen

289 !

290 END



C Measurements

CONNECTION: SMU1 HP41420A Slot 1, 2
SMU2 HP41421B Slot 3

L YA41428 APPLICATION CXAMPLe

20 1C MEASUREMENT

30 JPTION BARSE 1

40 ASSIGN @Dem TO 722 DO SOURCE/ZMONI T
540 M @hsm

& DIM D2y

74 i

20 OUTFUT @Dem;"=RST"

30 !

U] OUTPUT @Dsm: "CNY

110 OUTPUT @Dsm"FLET

120 OQUTPUT ®Dem AV Y

130 Set_up: !

1449 lo=1.8-7 ! FORCE CURRENT
150 Vta=10 ! TARGET VOLTAGE
i Re=10 ! RAMP SPEED

170 DUTPUT @Dsm;"ASV";3,0,2,Rs
180 OQUTPUT @Dem;“AIV":2,1o.Vta,20

190 OUTPUT @Dsm;"ASM3,3,5E-5"

200 OUTPUT @Dsm:"AT0, 07

210 OUTPUT @Dsm; "MME™

220 !

220 OQUTPUT @Dsm;"XE™

240 ENTER @Dsm;De=)

250 Cap=(lo/D(2))y=(DC1)/Rey =1 B+
260 DISP Cap;"pF"

270 END



loise Evaluation by FFT Analysis

CONNECTION: VS1, 2 | HP41424A Slot 6

10
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141428 FFT ANALYSIS EXSAMPLE
t

GCLEAR

INTEGER I.J.,K,FP,L,H.G,Q

N=512

COM Xr(512) Xi(512),5(512) . C(512
ASSIGN @Hp4al42 TO /722

COM ®Hp4142

1

OUTPUT 722" =RST"
1]
QUTPUT

DUTPUT 722:"FLOY
QUTPUT 722:"Av1 . 1"
1

OUTPUT 722;,"SCR"
QUTPUT 7227571
FOR I=1 TN

QuUTPUT 722" Vi, 12"
NEXT I
QUTPUT 722;"END"
!

DUTPUT 722:YDV16, 12,157
QUTPUT 722:"DV26,12,-15"
WAIT 1
Start time=TIMEDATE
QUTPUT 722:"bot”
OUTPUT 722 ;"=ppPC?"
ENTER 722;:A
Ernd time=TIMEDARTE-Start time
FOR I=0 TO N-1
ENTER 722:Xr (D)
NEXT I
FOR I=0 T N-1
Xe Iy =Xr (D) *(.54- . 46=COS(2=3. 141592« L/ (N-1))
NEXT I
FOR I=0 TO N-1
Xi(Iy=0
NEXT 1
Dt=End_time/N
F min=1/{End_time)
F omax=1/(2=Dt)
Df=F_min
M=LOG(NY /LOG(2)
CALL Triag(N,S(=),C(=2)
COLL FREtN M, Xr(=) Xi(=) 5(=), C(=))
FOR I=0 TO N-1
Yr(T)=2*SORCXr (D =X (D) +X1 (D =X1 1)) /D)
NEXT I
Xr () =Xc(0)/2
CALL Graph(N,Df.F_min.F_max.Xr(=))
OUTPUT 722;"=RsT"
END
!
!
SUB Triagt(N,5(=),Ct=))
A=0
B=FPI=2/N
FOR I=0 TO N/2
SCDr=SINCA)
C(IY=COsa)
A=A+B
NEXT I
SUBEND
'

SUB FFECN.M X (x), X1(%) ,5(=),0(x))
'
EET



‘ 650 L=N
g 660 H=1
i 670 FOR G=1 TO M
530 L=t/2
5490 Eo=0
700 FOR Q=1 T H
710 P=0
/20 PR I=K T LR
730 d=T+0
740 A=Xe D)~ Xrd)
750 B=XiCD-X:1¢(h
760 Xr¢Iy=Xr(IHr+Xr €.
770 Xi¢Iy=Xichhr+X1(h
750 IF =0 THEN
790 Xr ()=
: AiCJr=R
ELSE
Xr ¢ Jy=R=CP)+B=5(M)
83 X1C ) =B=C(P)Y-A=S(P)
840 EMD IR
350 P=P+H
860 NEXT |
270 S
830 NEXT G
890 H=H+H
J00 NEXT G
910 !
920 'BIT-REVERSAL
930 d=N/2
940 FOR I=1 10 N-1
950 K=N
960 TE J<I THEN
970 AT=Xr (D
G50 A =Xred)
990 Xr(Iy=RZ
1000 AeCdy=A1
1070 B1=XiCI)
020 Ba=Xidh
1030 Xi¢I=he
1040 XiCdy=B1
1050 ENDIF
1060 Phe K=E/Z2
1070 IF =K THEN
1080 BRERNES 4
1090 GOTO Ph2
100 ENDOTF
1110 NENEIS
1120 NEXT 1
1130 !
T3 FOR 1=0 T0O N~
11e Xr(l)=XrCIy)/N
1133 X1Ci)=X1CI)/N
134 NEXT |1
Y140 SUBEND
1150 !
1160 SUB Grapht(N. DI, F _min,F_max.Xr(=))
1170  GCLEAR
1180 Y min=1.E-49
1190 Y max=1.L"5
P G=1.0+3
1200 CALL Loggraph(F _min,F _max.Y min,Y_max, FREGENCY (HZO" "V(V/SORIHZY) ", NG
ISE ANALYSYS  TLOZ71 AVv=1",1.1)
1211 MOVE F min, LGT(ABS (X (0) /G
1220 FOR I=0 7O N/2-1
1230 X=F min+(I=Df)
1241 Y=Xr(I)/G
1251 DRAW X, LGTCABSC(Y))
1260 NEXT I
1261 'Dump_=creen
1270  SUBEND
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