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OUTLINE

- PMQOS Test Chip

- Analog Discovery Module
- Test Equipment

- Camera, Probes, etc.

- Connecting to Module

- Set up Logic Analyzer

- 3.3t0 -5V Level Shifter

- Set Up Inputs

- Output Data

- NOR and Full Adder
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PMOS Factory — Digital Testing

Analog Discovery Module has the following capabilities

= Two channel oscilloscope

= Two channel arbitrary function generator (£5V)

= 16-channel digital logic analyzer (+3.3V CMOS)

= 16-channel pattern generator (+3.3V CMOS

= 16-channel virtual digital 1/0 including buttons, switches and LEDs
= Two input/output digital trigger signals (3.3V CMOS);

= Two power supplies (+5V at 50mA, -5V at 50mA).

= Single channel voltmeter (AC, DC, £25V);

= Network analyzer — Bode, Nyquist, Nichols transfer diagrams Range:
1Hz to 10MHz;

= Spectrum Analyzer



7-11-2014 PMOS Digital Testing - Dr. Lynn Fuller

Digital Testing Hardware Station
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Wafer Loading

- Turn on the camera control box and lamp power, shown in
the previous slide.

- Open the camera capture program (VIDCAP32.EXE)gi%
from the desktop of the computer
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Analog Discovery Pin layout — Probe card connections

Trigger In (Gray)

16 14 12 10

Ground (Black)

Waveform Generator 1 (Yellow) 18 '
V+ Power Supply (+5VDC) (Red)

Digital I/O Signals
(Pink, Green,

Purple, Brown) | , “ ]l_—r'[_ ,

Ground (Black)

Scope Channel 2 Positive (Blue)

Scope Channel 1 Positive (Orange)
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1+2+ $ V+W1STI 0O 12 3 456 7 1 .
-
i 9
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1-2- $ V-W2#TO 8 9 1011121314 15 3 !
= H
Scope Channel 1 Negative (Orange/White) R

Scope Channel 2 Negative (Blue/White)

Dlg(::tiar:klférs;g:als l _J[ O” qll

Purple, Brown, all
with White stripes)

Ground (Black)
V- Power Supply (-5VDC) White)
Waveform Generator 2 (Yellow/White)
Ground (Black)

Trigger In (Gray/White)

Probe Card Pin Numbers
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Digital Testing Station - Breadboard

- Pins 2 — 24 on the probe card are connected via
ribbon cable (Pin 2 left, Pin 24 Right). Even
numbers only 2,4,6,8,10,12,14,16,18,20,22,24
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Set Up — Analog Discovery

- Open the WaveForms program by double clicking this
icon on the desktop

- Then open the Digital Pattern
Generator and Logic Analyzer X

W Oigient WaveForms 1 0 el e

- Open Voltage to turn on +/- 5v |

Power supply (shuts off e.:wm«e .
i3 Device -
automatically if too , E—  Optos
. - Power Su... " . @ Help
much current is & Power is OFF | A Feedonc
Drawn) V+ Rdy Ml TR
—_—
V- Rdy
| emmmes @0

Power: |

|| || Connected to: Discovery - SN:210244494351
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Digital Pattern Generator

- Add Signal — Edit parameters to show 1 s/div
- Outputs are numbered and color coded to the pin layout
- DIO# = Digital Input/Output Pin Number (0-16)

Add Bus =
I OWF 1 - Digital Pattern Generator 1 _ MName: Bus 0

File  Control View Seings Window Help ) Ayailable:

DR Jrme hee e Moo - [ Re Gonew - ) R [ |ppe
add | §§ Remove - [ Edit - 3 Show ~

ol =

= DIO7
& Value DIO &
- Tﬂﬂ mﬂ.‘ i
Busz Oock PP

Selected:
DIo3

Do 2
Do

| DI 5
' DIO 4

et | | DN 3 fused) H
| || |DIO 2 fused)

> DIO 1 fused)
= |DIO 0 fused) ~

Show analog representation

&= f I

Format: [Decin:—.i - ]

Ready Endianness: [LSE v]
MSB: 2 |
|| LsB: o =
|
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- Adding signals is the same as the Pattern Generator
- Logic Analyzer reads digital signals which can be set to
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Logic Analyzer Setup

trigger by any edge (E) or don't care (X)

il DWF 1 - Logic Analyzer 1 a— . ’ ESHACE X
‘ _——
File  Control View Settings Window Help
sl Export Data Events | Q, Zoom | Options | i@ Help
B Posiion ~ 1s - Buffer |14of -|Clock |inter - |Mode Auo ~
Single .Stup Trigger: Mone
Base 2afdn - “-}EMdTab Run Scree * Source  Analy -
lﬂi.ﬁ\dd ~ § Remove - , = I Scan 2014/06/27 15:12:54.838 Pesition: Name:  [#p~
2000 Samples at 100.1 Hz / 9.9% ms Zoom: -1.00 X Value:
+ Name DIO  Trigger =
X  Don'tCare(¥)
0 Low(D
1 High()

J  Rising Edge (R)
1 Falling Edge (F)
1 AnyEdge(®)
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PMOS Digital Testing

- The Logic Analyzer interprets a “high” as +3.3 V, and “low”
as 0V, in PMOS logic “high”is — 5V and “low” is OV.

- An operational amplifier (Op Amp) is used to convert the
digital pattern generator O to +3.3 V signal to 0 to -5V that
becomes the input to the PMOS logic circuit.

- A similar Op Amp circuit is used to convert the PMOS
logic output to logic levels that can be interpreted by the
logic analyzer. The logic analyzer interprets positive
voltages (more than +1.65V) as logic high and lower
voltages (including negative voltages) as logic low.

- These circuits are shown on the next slide and are used
for each individual PMOS logic gate input or output.



7-11-2014

PMOS Digital Testing - Dr. Lynn Fuller

PMOS Digital Testing Circuit

D1
K}—
D1N4148 Input, Output
Inputg—
i RS R3 AR -
R2 | OE 100k 100k 5 —
% 10k 5 — A|B | Output R4 o
= 0 0 l P /vv\,
of1] 1 2k ==
= to] 1 0
0
This comparator has +2.5 volt at the non-inverting 1 0

input. Thus if the signal generator is low (0V) the
Op Amp output goes high (+5). The diode is
reverse biased and the signal to the PMOS logic
low (0V). If the signal generator is high (3.3V) the
Op Amp output goes low (-5). The diode is
forward biased (0.6V) thus the signal to the PMOS
logic gate is high (-4.4V).

This comparator has -1 volt at the non-inverting
input. Thus if the logic out is low (0V) the logic
analyzer sees a -5 or low signal. If the logic out is
high (-5) the logic analyzer sees a +5 or high
signal.
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3.3 V to -5 V Digital Shifter

- Required for each individual input using high input
Impedance, rail-to-rail, Operational Amplifiers such as the

NJU7034D .
N\/ E :I
1:: ] (VA AN A EQ Ar%—mn
t v+ [4] NJU7034 [11]v-

e +NB [5 10] 4N G

SEL>>
au

i3 8.5ms 1.8ms 1.5ms 2._8ms 2.5ns 3.8ms
S U2z

This comparator has +2.5 volt at the non-inverting
input. Thus if the signal generator is low (0V) the
Op Amp output goes high (+5). The diode is
reverse biased and the signal to the PMOS logic
low (OV). If the signal generator is high (3.3V) the
Op Amp output goes low (-5). The diode is
forward biased (0.6V) thus the signal to the PMOS
logic gate is high (-4.4V).
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3.3 Vto -5 V Digital shifter

il DWF 1 - Oscilloscope

File Edit Control View Settings Window Help
@Export [=] Pemsistence [ Add XY [md] Histogram [=] FFT Data Measure ¥ Cument 4f) Audio H Digital | &, Zoom | 2% Options | 4@ Help |
2 hutoSet Buffer |160f16  ~|Source Channell = |Cond.  Rising - 1o =~
D= [@= — T
U Add Channel | Mode Ao - | Type level OV - (o
s/div
Ci Scan | 2014/06/27 15:02:49.337- 8000 Samples at 800 Hz /125 ms a7 ]
5V LU ILALNLELN BB B UL IR B ""I"'i"'lIIII LU BLELEL LA LR DL AL LR IR B
3 ov
4V 1 Vidiv
3.3V 3V 3.3V High
3 v
2y Range 1 V/div .
Pattern|Generator Qutput
1V
WARTE =S Both Low 4
1 Zero volts ]
-1V
-2V C it e~} +
_ MOS Logic input
-3v
-4V
4 4V i -5V ngh n PMOS ] Analog 1Cs provided by
Izl bs 453 -3s -2s -1s Os 1= 2s 3s 45 bs DEVICES
Scan last acq. 2014/06/27 15:02:34.416 T
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Data Acquistion

- Select Run on the Logic Analyzer and Pattern Generator

- Data can be exported to Excel from the Logic Analyzer on
the top left corner

—

R
[ I DWF 1 - Digital Pattern Generator 1 - =
- —

Mone - -—O Run Cortinuous v -—U Repeat —

Scale: Manual + Show: 1s/div ~ from: Os

Ready Pasition: 8.24 s

Ready Ready
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Exporting Data to Excel

- Raw data can be exported to a .csv (comma - separated
values) excel spreadsheet file using the export button in
the logic analyzer

] - 2 =T ) R
DWF1 - ic Analyzer 1 J
o - ooffprol] IRLANEL T e | s a T A e
ag control  Wiew  Settings  Window  Help A ) c | D | £
43 Bxport Jo| Data [ Events | Q, Zoom | Options | @ Help 1 |#Title Digilent WaveForms Logic Analyzer Data
Positon ~ 5s - Buffer 280f100 - Clock |Intemal - |Mode Auto ] 2 |#Device N Analog Discovery
r Teigges-Quoa-0 || 3 #serial NuSN:210244494351
Bal iy Anal Export - . g . - e —— =
n TS PO i — — 4 #Software 2.7.5
Source: Data | Image | 5 Time(s) DI04  DIO3
i [Mdy:er Time v] HTitle, Digilernt WaveForms Logic Analyzer Data i) 1] 1] 1
- #HDevice Mame, Analog Discovery
Type: #Serial Number, SN:210244434351 | 7| 0.005 o 1
[Corrrna Separated Values (".csv v] HSoftwars Version 2.7.5 | 8 | 0.01 1] 1
) 9 0.015 a 1
SR ELEE Time (5) D04 D03 0l o002 o 1
Comments 0.000 0 1 EE i
_ 4 : 11 0.025 0 1
| Header 0.005 0 1 4 4 » M| default S
L=t 0010 0 1 BN
= =
0.0s 0 1
0.020 0 i
| 0.025 o 1
Stop
i 0.030 1
Copy to clipboard 0.035 o 1 i
Locatidy C\Users\agw5325" Desktop - Erowse
File: default.cav - I Save I [ Cancel ]
5
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Example: PMOS 2-Input NAND Gate

File Edit Options Capture Help
nput
: : we = nput, —
Inputyg—1
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PMOS 2-Input NAND Gate Test Results
2 DWF 1 - Digital Patten Generator 1 TR exEe

File Contrel View  Settings  Window  Help

Trigger Analyzer * Wait  None  ~ —U Run  Continuous ~ ﬂ Repeat ||rrfin'rte | 4] ‘Wa’rt-Hun v
lﬂihdd ~ $ Remove - @v &~ Scale: Manual * Show: 1s/div » from: Os v
. . Position: Mame: Value:
- Me DID  Type Outpu Ready N LT L Lo L L L
= B. f Binary ... | PP 0 1 7 2l )‘D
L. Input |A 0 1 1 |
L. Input |B 0 1 0 1 |
i 1s 1s Es T3 9s

wp Add - §€ Remove - [~ -
2000 Samples at 200.2 Hz / 4935 ms Zoom: -1.00 X
+ Name DID  Trigger = | | | 1
TG —
Output ‘
i 1s s 9s
| Ready

- PMOS logic high is -5 V and logic low is OV
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Example: PMOS Full Adder

A B CIN| SUM COUT = 2 B
0 0 0 0 0 :)—
0 0 1| 1 0
01 0 1 0
01 1| 0 1 COUT
1 0 0| 1 0
1 0 1| 0 1
1 1.0 | 0 1 D_
1 1 1| 1 1 }
-2870 -2469 2050 1640
L i | | _—g
n@ T i SUM
ko || | ST e
24 00O ik - -2
L A B Cin J
(e (e O s [

i N e e i =i
~4109 -3699 -3260 -£878
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PMQOS Full Adder Test Result

ﬂ DWF 1 - Digital Pattern Generator 1 ‘ Ll_g

File  Control View  Settings Window Help
Trigger \nfait None - r—D Run Cortinuous ~ Repeat ||r|finite A\ ||Wait-Hun -
ﬂihdd - 3 Remove ~ @v = - Scales Manual = Show: 1s/div - from: Os -
N DO Twe  Oupy “f Ruwim | Pty | NTE L I ST TR R I
= B_f Binary ... | PP 0 1 B N & - |GI |1
L- Input A 0 0 0 0 1 1 1 T |
L- Input |B 0 0 1 1 0 0 1 T |
L. Carry|In 0 1 0 1 0 1 0 T |
15 Ts 3s 5s s s
Ready
=E Add - 3 Remove ~ [~ & - } =
- 2000 Samples at 200.2 Hz / 4.995 ms Zoom: -1.00 X Value
|+ MName DI Trgger * d | | . . . . . A
pos |28 sum 1 1.Lo 1]l o o0 [1 |
DIO 3 4 Cout 0 o [T ] 0 [ 1 1 T |
Carry Out
3s LT EE: s

- PMOS Ioglc high is -5 V and logic low is OV
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References

- Analog Discovery Website

- http://www.digilentinc.com/Products/Detail.cfm?Prod=ANALOG-DISCOVERY

- Analog Discovery Manual

- http://www.digilentinc.com/Data/Products/ANALOG-DISCOVERY/Discovery TRM RevB 1.pdf
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