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The Four Basic Programs

3-point IV

2-point IV
Transistors

- Quick connection check | | ﬂ v
- Diodes ' ' [

Unit : Hame MName Mode : nction

ETES =lf v [ |

[y =]fv1 mi w|[COMMON ] [CONST -] Unit : V Name : I Name : Mode :
SMUZ Hvs s w[comion ||
[sHu X Tva CiE = |
[ty Tlive =i ig =V =l

4-point IV A o CV
* Low resistors, e.g metal o Capacitors
films/stripes, doped Si C Dielectric materials
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Outline

* Four-point IV

 Double-looped three-point transistor IV
« Pulsed two-point [V

« Arbitrary waveform and high-speed IV
« RF probes
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The 4-point IV

Why use it?

* Eliminate contact and wire resistances from the
measurement

« Sheet resistance

How to use it?

B =
=
(1)
_/
r( v >—‘ - 453236
5 — — —
In(2) I I
1 2 3 4
Unit : W Maimee : I Mame - Made : Funciion :
SHU X -1 ~Im ml = [van
P = Rs. t

SMUF B w12 m[COMMON = [CONST > > >
SMULY vz - |3 .|l = ||CONST
EXTF: v ||va . |14 .|l v ||CONST
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Double-looped 3-point transistor IV

Why use it?

How to use it? Load existing program from application
Automate 3-point IV

NUFAB
E Category... ~ | Id-vd[3] (D| setup Name : |[Id-vd[3] =
C
E :.?:anced NV “ |Device Parameters |
n
L
= H N N . ]
5 |Jvl CMOS Polarity : |Nch | Lg: |100nm | Wg: [100um  B| °
= Discrete
7 GenericTest Test Parameters Extended Setup... - |
= "
S MCSMU_TV 5 Primary Sweep ~
g . Drain : |SMU3:MP -
— Library =
E " DO \ vdstart: [0V H
¥
% I k) VdStop : |2.00V H
= 4 G
unit : V Name : I Name : Mode : = Secondary Sweep [ Udstep 50 my B
SMUZ T s m[COMMON_=]| 2
[mux J][va w[ld v =l <2 Gate: |SMU1:HR -
=
iz ik = =t I 2| 1d-vg pulse VgStart: [soomv B 5Q
+
ﬁ VgStop : |2.00V &
[
VgStep: |socomv H
Id-Vq h
éﬁ| % @ Source : |SMUZ:HR ~ v
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Pulsed 2-point [V

I1/V Sweep @J Setup Name : |LED sweep -
Why use it? Channel l Measurement] Functiu:nn] Auto Anah«s’m] Diﬁplaﬂ
° Channel Definition |-
« Test devices operated by pulsed
voltages . . mﬂdd srjm | Add S:::d | Delete |F ) | pown |
« Avoid self—heo’ring @ [sMu3:MP v ||va =M = |[veuLsE] ~||vaR1 |
* Minimize frapped charges 5 B =i = i_;ULSE e 5
COMMON
How to use it? SMU Pulse
« Modify the basic 2-point IV program Unit : [SMU3:MP |
Period : |ALITCI EJ
Pulseowi‘rh bosig 2-point IV Width - [500 o5 ]
Minimum width: 0.5 ms | seccl 0
| N

Too long? Semiconductor pulse generator unit SPGU
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Semiconductor Pulse Generator Unit (SPGU)

I/V Sweep @ Setup Name : |LED sweep
Channel l Measurement] Functinn] Auto Anah,rsls] Displa*,r]

Channel Definition

Application example: high power devices

addsmu || addsecu || pelete | up | . o .
.y — e e o such as high electron mobility tfransistors (HEMTSs)
C |sMuz:Mp |4 = |14 |V -|[var1 |
O |SMUZ:HR vt |1 &8 |COMMON  ~|lconsT  ~|
*  |SPGUL:HV v||spauvi | = |[vPuLSH ~|| -]
SPGU Pulse Setup
Global Settings |0perai]'on | o I
Period : |1 H & Free Run " PULSE COUNT 1 B R |
Features S il = 5
« Width down to 10 ns b

* Leading and trailing time

SPGU setup view order :

down to 10 ns
* Flexible settings
« Only output pulses
No measurement during pulses
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Unit : |Pr'rmar'f Pulse |Additi0na| Pulse |
SPGUL:HV Bl Base: [0V Bljov ]
e Peak : (500 mV B||500 mv E|

i [sPGUVL = Delay : [0s B|jos El|
Width : [100 ns B|[100 ns |

Type: Leading : |20 ns B|[20 ns |
|2-Leve| Pk lJ Trailing : |2IZI ns E”zﬂ ns EJ
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Arbitrary Linear Waveform Generator (ALWG)

Why use it? Simulate certain external conditions without the need of having the actual condition.

I!V SWEEI} @ SEt“P Name : |LED sweep Q Pattern Editor: Colurmn Mo. 1 O >
Channel ] Measurement | Function | Auto Analysis | Display | File(F) Edit(E) _Display(D)
Channel Definition Pettfam flltor
Undo | Add a
Add SMU Add SPGU | Delete Up ) Eehmem.
- 2 .
Unit : V Name : I Name : Mode : Function : | I~ Defta Level [ Delta Time
" |SMU2:HR w|fvi = |l &6 |COMMON = ||CONST - Untitied!
= Mo | Time Level | Switch
0 0.00000000ED 0.0000E0 1
(¥ ]SF'GLll:H'-.-r _v_”SF'GLI'I.-’l EJ _E]m - | r it 1 1.00000000E-4 10000E0 1
VPULSE ] 2 2.000710000E-4 0.0000EQ 1
3 3.00000000E-4 -1.0000EQ 1
4 3.00010000E-4 1
>
L]
SPGU ALWG Setup 3 - =
Operation | Load Z... E‘ el B N
' Free Run " SEQUENCE COUN | B
" Duration |1 us EJ a1
ALWG Setting |
ALWG Source :  [m]... El} —
0 20001 0.0002 0.0003 0,000
0 0.00044
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ALWG and fast measurement unit(WFGMU)

NUFAB
Category... vl WGFMU Pattern Editor @] Setup Name : |WGFMU Pattern Editor EJ Why use “.?
ot = - ALWG and high-speed measurement at
O the same time
Utility (NVM Test Parameters Ls

Extended Setup... ~ |

[l WGFMU ExecutionMode : [Run Vector -l
R L oy KEYSIGHT
1 WGFMU_TV W "'H L TECHHDLOGIES

[T R 2.0939 52236 U

. L

| Quick Test | Tracer Test | Classic Test | Application Test

@ | | =
WGEMU = 1.8 Measure current =
Fatte... wo o= &
_@ £ 1.6 =
WG;MU 14 i':_s
Fattern ... 1.2
g |
TRANSIV s :
= 600 m
ol
= 400 m
g 200 m
=
Apply voltage
-83.27 m -1.0912 m
1.1199u 12U 1.3u 1.4u 1.5u 1.6 u 1.7 u 1.8 u 1.9 u 2.034u
Time 100 n /div
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RF probes

Why use it?

2.5E-01

1.2E+00 2.0E-01

1.0E+ 00 1.5E-01

8.0E-01 [ \ 1.0E-01 — —
8 eoso01 / \ o 5.0E-02 “
35 - S R\ A ;
g 4.06-01 / \ - T;" 0.0E+00 =F=wm— =7

2.0E-01 / \ < -5.0E-02

0.0E+00 \ -1.0E-01

-2.0E01 ! ! ! -1.5E-01

0E+00 5E09 1E08 2E08 2E08 ~2.0E-01 M\/\W
Time (sec) —-2.5E-01 ! L L ‘ ‘
0 1E-08 2E-08 3E-08 4E-08 5E-08 6E-08

HOW 1'0 Use it? Time (Sec)

« Special positioner, SMA cables
« GSG geometry, 150 um pitch
Pattern your device terminals accordingly

Northwestern University Atomic and
Nanoscale Characterization Experimental Center EXPLOR’NG ’NNER SPACE



Summary

* Precise resistance measurement

« Automate 3-point IV

* Introduce pulses to IV measurement
« Short pulses and fast measurement
« Use RF probes

Contact me: ving.jijoa@northwestern.edu

General NUFAB contact: nufab@northwestern.edu
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Upcoming workshop
NCE KEYSIGHT

'y ngrn iversity Atomic TECH N O LO G I ES

| 1
[ ! Manoscale Characterization Experimental Center

RF Vector Network Analyzer
Basics

April 23, 2024 - 9:00 AM-1:00 PM

Technological Institute - Room #B211
Northwestern University, Evanston Campus
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SPGU and IV-Tt measurement

NUFAB
2 it ~ I/V-t Sampling (@ setup Name : [[/V-t Samplng =
W E
S| [wew=. Channel l Measurement | Function | Auto Analysis | Display |
2 | IfV Sweep —
i Channel Definition | =
‘B
2| e AddsMU | AddspGu | | | |
@ == Unit : V Name : I Name : Mode :
'_
o C |sMu3z:mMp w|lv3 |13 = |COMMON +|
)
= © [sPGUL:HV ~|[spGuvi =l w[VPUSE ]
i IV List
E Chrrnnln NUFAB
—= =1
== R — e . -
g \_f,x 8| ZiE ~ | IfV-t Sampling @ Setup Name : |I/V-t Sampling
o E
Ll vt S| yv st Channel Measurement | Function | Auto Analysis | Display |
L " =
e Sampling 3| Sweep Sampling Parameter Stop Condition
— L = A2
=3 \i’/ Linear/Log : |LINEAR | Enable/Disable : |DISABLE |
Kt I.l'"'-""F Interval : |5I2Iu E Enable Delay : |IZI 5 E
w | Sampling i i
& - No. of Samples : [101 B
= JJJ]EIEE 0. of Samples : | ] Message ID: 105071 X
[ | " .
= Total Sampling Time : |50 ms H
E C ;.5 I pliing | J i\ Sampling interval for IfV-t sampling must be between
= [ Y SWeep = 0.0001 s and 65.535
z Output Sequence : |SEQUENTIAL | - Sid e
[}
= g :'-EI Hold Time : |IZI 5 E
- | HEas
3 SPGU Base Hold Time : |IZI g E
% | Control
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