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Berkeley CMOS Process Manual

DISCUSSION
Analog Test Pattern

With the current rapid development of high performance MOS IC technol-
ogy. the minimum feature size has advanced from 10um in production in the
early 1970's to 2.5um in the early 1880’s. The process of device shrinkage is still
going on and we believe that minimum feature size for MOS will reach submicron
domain in the late 1980's.

There are many research topics in integrated circuits at UC Berkeley. They
include IC process development, device physies study, circuit designs, and
development of computer-aided design packages. The advantages of having a
good fabrication laboratory in our department are many folds. First, the process
for each graduate student research could be different. The standard process line
in the industry can not change so much for this kind of research. Second, all
the process is under control by the student himself if he/she fabricates the cir-
cuit in our department. The third and the most important advantage is that the
experience gained and the problems encountered give good feedbacks to the
research in this department. This makes us stay at the front of IC technology.

In our efforts to develop a new Berkeley CMOS process, it is important to
take into consideration how to accommodate the fabrication of analog circuits.
Berkeley is in the leading position of analog circuit designs and we would like to
be able to fabricate the analog circuits in our new laboratory.

The document for the analog test structure is presented in the following.
Capacitors are important elements in analog applications, and have been
included, as well as single resistors and the circuitry for the test of resistance
matching. Also included are an operational amplifier, the important building
block for advanced analog circuits, and the circuitries for the test of noise
measurement and charge injection. These latter circuits employ the same
opamp described above. Current mirror circuitry and various inverters have
also been presented.

REV 0.0 Spring 1984
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SUMMARY TABLE

Analog Test Pattern
Filename Coordinates within
Structure Purpose 290n Test Func.
Sz-Blks chip Pat. Unit
tclrOcapsin set of various C-V dependence -
Z/L C-Tdependence c¢17r3 <cOr0 cirD
2 capacitance
cc2rlcapmat array of capacitor c19r3 c2r0  c2r0
1 capacitors matching
cc3rlinvert DC transfer
is::eﬁ::;mus :gzraﬁt:nstws c20r3 c3r0 c3r0
1 fall time
ccOriresmat  set of various resistance cOrl
2 resistors matching cl7r4 cOr1 cirl
cclrinoisern  transistors, noise
resistors and t cl9r4 c2r1 c2rl
2 apamp measuremen
ccOr2ginjec transistors charge injection
. and opamp measurement c1?7rd c0r2 olr2
cc4rlimirro current bias current
mirror :’;‘;‘ﬁ‘t"’g cRird carl cdrl
1 impedance
cc3r2opampl opamp offset, 32
2 opamp gain, slew rate ¢c20r5 c3r2 clr
REV 0.0 Spring 1984




Berkeley CMOS Process Manual

FUNCTIONAL DESCRIPTION
Analog Test Pattern

Single Capacitors

Filename:
cclrOcapsin

Purpose:

This test chip is to characterize oxide thickness (tcox), over-etching (dL
and dW), and edge modulation effects {mL. and mW) of capacitors formed
between polysilicon and n+ (CAP) layers.

Description:
The test chip consists of capacitors of various dimensions as tabulated

below. The measured capacitance values allow one to derive tcox, dL, dW, mL
and m¥ of the process.

Testing:
(1) Test Setup

Standard capacitance measurement (measure both stray capacitance and
the total capacitance, subtract the former from the latter value).

(2) Test algorithms

(2.1) tcox (thickness of capacitor oxide)
This is expected to be different from the gate oxide thickness due
to the faster growth rate over n+ layer.
tcox = 1.082E-7 /Clin A

(2.2) dl. (along L direction)
dL = 28 x (1 - 10C2/C1) in um

(2.3) dW (along W direction)
dW = 28 x (1 - 10C3/C1) in um

(2.4) Check calculated data with C4 and C5, where
C4 = 32E-3 x C1 x (1 - 2dL/100) (1- 2dW/100)
C5 = BE-3 x C1 x (1 - 2dL/50) (1 - 2dW/50)

(2.5) mL (along L direction)
ml =28 x (1 - 10C6/C1) - dLin um

REV 0.0 Spring 1984



Berkeley CMOS Process Manual

(2.8) mW (along W direction)
mW =28 x (1- 10C7/C1) -dW in um

Pad Assignment:
PAD NUMBER | NAME | DIMENSIONS(WxL)
4,14 C1 $80u x 560u
5,15 c2 560u x 56u
8,18 Cs 560ux4ux 14
7.17 C3 56u x 560u
8,18 C7 4u x 560u x 14
9,19 Ca 100u x 100u
10,20 C5 50u x 50u

Note: (x,y) corresponds to
(top capacitor plate, bottom capacitor plate)

REV 0.0 Spring 1984



Berkeley CMOS Process Manual

Matching Capacitors
¥ilename:

cclr2capmat
Purpose:

This test chip is to determine the matching of small capacitors

Description:

Matching capacitors are used in switch capacitor filter and DAC circuits.
The capacitance values used are however, too small to be determined accurately
using the standard capacitance measurement technique as used in section 4.
The method used here was claimed to be very accurate and insensitive to parasi-
tic capacitance in the circuit (Ref:Hiroshi Iwai "On-Chip Capacitance Measure-
ment Cireuits in VLSI Structures”, IEEE Trans on ED., vol ED-29, No.10, Oct 1983,
Pp.1622-1626).

The basic circuit configuration used is shown in Fig.5.1. C1, C2 form a capa-
citive divider. Input voltage, Vs, is 200mV peak sinusoidal waveform at 10KHz. De
bias can be applied to the capacitors via TR1. VDC is the DC bias. Vp is a narrow
pulsed waveform of 100Hz. Pulse width is lus, 10V. This pulse will turn on TR1
periodically to maintain a dc bias at the common node of the two capacitors.
There are three sources of errors namely, clock feed through in TR1, Voltage
drop Vgs in TR2, and stray capacitance Cs at the capacitive node.

(1) Error due to clock feed through is minimized by using lock-in amplifier
which is locked onto the input frequency of Vs. Hence the feed through sig-
neal at low frequency is removed.

(2) Vgs of TR2 can be eliminated by the following technique
(a) Measure V01 with Vs across capacitance as in Fig.5.1;
(b) Measure V02 with Vs and dc bias applied to VDC as in Fig.5.2. Then,

14 C2/C1 + Cs/C1 = Vs/(V01 + Vs - VO2)

If C2>>Cs, then C2/C1 can be calculated.

(3) Cs can be eliminated from the above eqgn. by repeating the measurement
with C2'=2C2. Then

1+ 2C2/C1+ Cs/C1 = Vs/(VO1’' + Vs - V02')
Hence,

C2/C1 = Vs/(Vs+V01'-V02') - Vs/(Vs+V01-VO2)

REV 0.0 Spring 1984
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Testing:

(1) Test setup
The actual circuit used and the test setup is as shown in Fig.5.3. Note that:

{a) Vs =200 mV peak 10KHz sine wave
(b) VDC=0to5V
{c) Vp= 10V 100Hz pulse, pulse width = 1us

(2) Test Algorithms
(a) Measure Vo1, V02 according to function 1, 2 in table below.

(b) Measure V01', VO2' according to function 3 and 4 in table below.
Then calculate C2/C1 as discussed in text.

Pad Assignment:

PAD # | NAME FUNCT#1 FUNC#2 | FUNC#3 | FUNC#4

1 Voutl | V01 Vo2

2 Vac+ | Vs+ GND Vs+ GND
dc bias for

3 VBIAS current source

4 Vout2 | V01’ voz2'

11 VDD VDD supply

12 Vac- | Vs- GND Vs- GND

13 Vp pulse input

14 VIN dc bias dc bias | dc bias | dc bias

5 Vss Vss supply

REV 0.0 Spring 1984
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Matching Resistors
Filename:

cclrOresmat
Purpose:

test chip is to characterize the matching of pairs of resistors and to
determine the correction factors to the resistance value due to oversize contact
area at both ends (dC) and corner effect (dR).

Descriptions:
Precision resistors used in analog circuits are poly and n+ diffusion (NNII)
resistors. p+ diffusion and Nwell resistors are occasionally used for biased cir-

cuit. The pattern included in this test chip consists of all the above mentioned
types of resistors. A Nwell pinch resistor is also included for completeness.

Testing:

(1) Test setup:
Direct resistance measurement.

(2) Test Algorithm:
(2.1) For matching pairs, calculate Ra/Rb
(2.2) For poly resistor:
dC(poly) = 3(10R11 - R1)/(R1 - R11) in squares

dR(poly) = (80 + 2dC(poly))(R15 - R1)/10R1
in squares/corner

(2.3) For n+ resistors:
dC(n+) = 1.5(10R13 - R3)/(R3 -R13)
dR(n+) = 0.2(30 + 2dC(n+))(r20 - R3)/R3

REV 0.0 Spring 1984



Pad Assignments:

PAD NUMBER | NAME | TYPE | DIMENSIONS | # of SQ.

Group A:cOrl
1,11)(2,12) R1, R2 POLY | 240uX4uX2
3.13; 4,14) R3, R4 n+ 240uXBuX?2
5,15)(6,18) R5, R8 P+ 240uX8uX2
7,17)(8,18) R7, R8 Nwell | 250uX10uX?2
10,20,19 RO Pinch | 250uX10u

Group B:cliril
1.11)%2. 12) | R11,R12 | POLY | 24uX4uX2
3,13)(4.14) R13,R14 | POLY | 24uX4uX2
5,15) R15 POLY | 240uX4u
6,16)(7,17) R16,R17 | n+ 24uX8uX?2
8,18)(9,19) R18,R19 | n+ 24uXBuX?2
10,20) R20 n+ 240uX8u

REV 0.0
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Operational Amplifier
Filename:

cclr3opampl
Purpose:

This circuit serves the purpose of evaluating a general purpose operational
amplifier circuit, which is one of the most important building blocks in the ana-
log applications. Some essential properties, such as DC gain, frequency
response, unity gain bandwidth, and offset voltage can be directly characterized
from this circuit. The result can then be compared with the SPICE simulation
results.

Description:

An operational amplifier, which features a standard two-stage structure and
a source follower output stage to drive the off-chip load, such as probes, is
shown in Fig. 7-1. A bias circuit, outlined with the dotted line, is also shown in
this schematic. A resistance, in the value of 11 K-ohms is required in the bias
circuitry. However, at this moment, the sheet resistance is not fully character-
ized. As shown in the schematic, two pads are tapped out in the bias circuitry to
provide controllability from the outside.

SPICE simulation has been performed on both the bias circuit and the
operational amplifier. Results and the input decks are listed in APPENDIX. A
summary of the performance as suggested by SPICE with a load of 20 pF is:

DC gain=30,000

Unity gain bandwith=3 MHz

Phase margin= 60 degrees

Testing:
(1) Test Algorithms
The following properties can be extracted from this circuit:

(a) DC open loop gain
{b) Frequency response
(c) Offset voltage

REV 0.0 Spring 1984
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Pad Assignment:

PAD NUMBER NAME FUNCTION
2 VDD VDD supply
3 BIAS opamp bias
10 VSS VSS supply
12 ouT opamp output
18 VIN+ opamp vin+
18 VIN- opamp vin-
20 BIASTRIM | bias trim

REV 0.0

Spring 1984
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Noise Measurement Circuitry

Filename:
ceclir2noisem

Purpose:

To characterize the noise generated by a pair of differential input devices.

Description:

The circuit schematic is shown in Fig. 8-1, where a pair of P-channel
differential devices are connected to the inputs of the operational amplifier.
The bias current source for this input pair is controlled with an external bias
voltage for various bias current levels. The loads for this input pair are not on
chip for flexibility, which will be described in the Testing section.

Testing:
1. Test Setup

The test setup of the noise measurement is shown in Fig. 8-2, where exter-
nal resistance loads are connected to the devices under test for various gain lev-
els. Two more resistors {10K and 100 ohms) form a voltage divider to provide a
loop gain of 100.

2. Test Algorithms

The noise spectrum appears at the output node of the opamp, (node labeled
DOUT), is amplified by this closed loop configuration to be 100 times of that of the
input differential pairs under test.

Pad Assignment:
PAD NUMBER NAME FUNCTION
7 INPUT1 input 1
8 INPUT2 input 2
11 ouT output
12 BIAS opamp bias
13 VDD VDD supply
15 OPIN+ opamp positive input
17 OPIN- opamp negative input
18 INBIAS input stage bias
19 VSsS VSS supply
20 BIASTRIM | bias trim

REV 0.0 Spring 1984
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Charge Injection Circuit
Filename:

cc2riginjec
Purpose:

The purpose of this circuitry is to characterize the charge injection effect
as seen frequently in switched capacitor circuits.

DPescription:

The circuit schematic is shown in Fig. 9-1, where a sampling switch,
comprised of a P-channel and an N-channel MOSFET, and a sampling capacitor in
the value of 8 pico Farad, are connected to the positive input to the operational

amplifier. An inverter is also implemented to provide the opposite polarity signal
to the gate of the P-channel FET.

Testing:
1. Test Setup

The test setup is shown in the schematic in Fig. 9-2. The operational
amplifier is connected as a unity gain buffer to conserve the charge. External
operational amplifier and resistor dividers are also required to amplify the
charge injection effect.

2. Test Algorithms

The charge injected from the sampling switch to the top plate of the sam-
pling capacitor is converted into voltage according to V=Q/C. This voltage is
buffered by the on-chip unity gain op. amp. and then amplified by the external
fixed gain amplifier to be measured.

Pad Assignment:
PAD NUMBER NAME FUNCTION
2 VDD VDD supply
3 BIAS opamp bias
4 SAMPLE sampling clock in
10 VSs VSS supply
12 OuT opamp output
18 VIN input to be sampled
17 CAPBP capacitor bottom plate
18 VIN+ opamp vin+
19 VIN- opamp vin-
20 BIASTRIM | bias trim

REV 0.0 Spring 1984
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Current Mirrors
Charge Injection w/o On-chip Opamp

F¥Filename:
cclrdimirro

Purpose:
The purpose of this block is to characterize the performance of the com-
monly used bias circuitry. Charge injection circuits are included, too.

Description:

The circuit schematics are depicted in Fig. 10-1. One NMOS current mirror
and one PMOS current mirror circuits are included respectively. All the drawn
device sizes are chosen as Z/L=40/6. Two charge injection circuits are
included. One for the study of NMOS charge injection eflect. The other one for
the PMOS case. A 2pf capacitor is used in each charge injection circuit. A single
transistor is used as a buffer instead of an on-chip opamp. For the circuit with
on-chip opamp as a buffer, please consult section 9. The idea is that in case the
on-chip opamp does not work well, we still can test the charge injection effect.
Because the critical node is buffered so that direct coupling from the input sig-
nal probe to the output signal probe is not a problem.

Testing:
(1) Current Mirror Circuits:

(1.1)Test Setup
The test setup for the current mirror circuit is shown in Fig. 10-2.
A current source is connected to the pin IREF. A voltage source
with a current meter is connected the pin OUT.

(1.2)Test Algorithms
For each reference current value, vary the voltage of the voltage
source and the current flowing through the current meter reflects
the mirrored current. The plot of the mirrored current vs the vol-
tage gives the performance of the current mirror circuit.

(2) Charge Injection Circuits:

Please consult section 9.

REV 0.0 Spring 1984
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Pad Assignment:

PAD NUMBER NAME FUNCTION

1 ouT1 Output

2 IREF1 Reference current source
11 VSS1 VSS supply

3 ouT2 Output

4 IREF2 Reference current source
13 VDD2 VDD supply

5 SAMPLE3 | Sampling clock in

8 VIN3 Input to be sampled

14 VGN3 Ground

15 OUTS3 Buffered xstr. source

16 OUTD3 Buffered xstr. drain

7 SAMPLE4 | Sampling clock in

8 VIN4 Input to be sampled

9 VGN4 Ground

17 OUTS4 Buffered xstr. source

18 OUTD4 Buffered xstr. drain

REV 0.0

Spring 1984
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Various Inverters

Filename:
eolr3invert

Purpose:

The purpose of this block is to characterize the DC transfer characteristic,
rise time, and fall time of the CMOS inverters.

Description:

The circuit schematics are depicted in Fig. 11-1. Three CMOS inverters are
included. The first one uses the feature size transistors which are suitable for
digital applications. The second one uses the medium size transistors which are
suitable for analog applications. The third one uses the transistors with the Z/L

ratio equals to 3 for PMOS vs NMOS. The idea is to compensate the eflect of
mobility difference in PMOS and NMOS.

Testing:

(1) Test Setup
A power supply is connected across the pins VDD and VGN. A signal source is
connected to the pin VIN and a oscilloscope is used to monitor the pin OUT.

(2) Test Algorithms
Scan the input signal from 0 to Vdd (use 5 volts for 5-volt technology) and
put the oscilloscope in the OUT vs VIN mode which displays the DC transfer
curve directly.

Use the pulse train signal as input and the display on the oscilloscope shows
the rising edge and falling edge performances of the inverter.

REV 0.0 Spring 1984
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Pad Assignment:

REV 0.0

Berkeley CMOS Process Manual

PAD NUMBER

NAME FUNCTION
1 VIN1 | Inverter input
2 VDD1 | VDD supply
11 VGN1 | Ground
12 OUT1 | Inverter output
3 VIN2 | Inverter input
4 VDD2 | VDD supply
13 VGN2 | Ground
14 OUT2 | Inverter output
5 VIN3 | Inverter input
8 VDD3 | VDD supply
15 VGN3 | Ground
18 OUT3 | Inverter output

Spring 19684
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Berkeley CMOS Process Manual

Analog Test Pattern (csubchip)
Cif File Cell Hierarchy

PAD.k

PADSET.k
PAD.k

RESISTORA1.k
PADSET.k

RESISTORB1.k
PADSET.k

bias.k

ccOrOcapsin.k
PAD.k

ccOriresmat.k
RESISTORA1.k RESISTORB1.k

ceOr2ginjec.k
PADSET.k bias.k comcap.k o0a2.k switch.k

cclrOcapmat.k
-PADSET.k

cc2rlnoisem.k
PADSET.k bias.k comcaep.k noisel.k oca2.k

cc3rlinvert.k
PADSET.k

cedr2opampl.k
PADSET.k bias.k comcap.k oa2.k

cedrlimirro.k
PADSET.k

comcap.k

csubchip.k

ccOrOcapsin.k ccOriresmat.k ccOr2ginjec.k cc2rOcapmat.k
cc2rinoisem.k cc3rlinvert.k cc3r2opampl.k cc4rlimirro.k

inv.k
noisel.k

oa2.k
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APPENDIX 1
SPICE SIMULATIONS

1. Input deck of SPICE simulation of the bias circuit
2. Output of SPICE simulation of the bias circuit
3. Input deck of SPICE simulation of the operational amplifier

4. Output of SPICE simulation of the operational amplifier




jexuuesnl1D/14/83 snsusnasr SPICE 26. 6 3/15/83 s#usaudr#20; 07 OBss#ast

- JUFAMP
Ondestst INPUT LISTING TEMPERATURE = 27. 000 DEG C

O3 34 3 35 36 34 36 38 3¢ 36 3 3¢ 35 96 36 3¢ 3 3¢ 3 35 I 35 3 3¢ 36 34 96 33+ 36 I 3¢ 30 31 3 3 36 3 54 35 3 3 36 36 36 3 3 3¢ 3436 36 35 36 I 34 I 38 36 3 3 6 3 36 34 6 3+ 3 3

.MODEL N NMOS LEVEL=2

+ VT0=0.7

+ CGS0=350P CGDDO=350P

+  CJ=20U MJ=0. 5 CJSW=500F MJSW=0. 5
+ TOX=40N NSUB=1. OE15 TPG=+1

+  XJ=&00N LD=300N U0=700

+  UMAX=5H0K NEFF= 30

HODEL P PMOS LEVEL=Z

+ VTG=-0.7

+ C5S50=2S0P CGDO=350P

+ Lu=200u MJ=0. S CJSW=1500P MJSW=0. 5
+ TOX=40N NSUB=1. OE1é& TPG=+1

+  XJ=LOON LD=300N U0=3%0

+  VMAX=D0K NEFF= 30

M1l 1 1 148 2 N W=4U L=200U

Miz 14 19 2 2 N w=100U L=6V
M13 S5 14 @ 2 N W=6U L=6U
113 15 15 2 2 N W=40U L=&U
M7 S 158 7 2 N WU=200U L=6U
Mi4 I 5 15 1 P W=40U L=6U

Mi& 1 S T 1 P W=40U L=&U
RR 7 2 11K
v 1 ¢ S
vege 2 0 -5
oP
WIDTH OUT=80
. ERD
Isessraax12/14/83 wuxerstx GSPICE 26G. 6 3/15/83 #aausnan20: 07: OB##wus
QoRARD
O#ssn MOSFET MODEL PARAMETERS TEMPERATURE = 27. 000 DEG €

L3642 365 3 5530 48 6 30 3¢ 3 35 35 35 36 SE 36 36 3 3 I 38 30 0 EESE 8 303 I 30 30 3 36 36 36 34 3438 3¢ 3 38 36 43 30 3 SIS AR F I H R P

N P .

OTYPE NMOS PMOS
OLEVEL 2. 000 2. 000
ovTO 0.700 -0. 700
CAF ¢& 04d-05 3. 02d-05
OGAMMA 0. 211 0. 667
TOFHL 0. 576 Q. 695
CLGsD 3. 50d-10 3. 50d-10
0l GDO 3. 50d-10 3. 50d-10
Gl 8. 00d-CS 2. 00d-04
Ol 0. 00 0. 500
olaSk 5. 00d-10 1. 50d-0%

oMy 0. 550 " 0. 500 ,Ln/)vd‘lfl, Bms §picc Sruda TN



ONEFF

OOFPAMP

(e1.2°2 33

O3t 38 338 3¢ 41 35 35 S 36 56 35 35 36 35 70 35 3 35 3135 36 38 35 30 3 3 30 35 91 353034 3 3 36 32 38 35 30 38 3+ % 38 36 3 36 36 38 3 30 36 3 3036 36 3638 3H 35 30 30 30 30 P 1 3027 30 303t

NODE

« 1
( 14)

30. 000

30. 000
1t 12/14/783 #astdeseddtst

SPICE 26G. 6

SMALL SIGNAL BIAS SOLUTION

VOLTAGE
5. 0000 (
-4. 0384 (

NODE

VOLTAGE

2) =5. 0000

15) -3. 9848

VOLTAGE SOURCE CURRENTS

N&ME

VDD

232

CUKRENT

-1.0Z21d-04

1.031d-04

TOTAL POWER DISSIPATION

1eassdasn{2/14/83 #itdtdedeiesnss

QOFAMP

[T 22 T

3/15/83 #######3#20: 07: OB##kus

NODE

TEMPERATURE =

VOLTAGE

2 (

1. 03d-03 WATTS

SPICE 2G. 6

OFERATING POINT INFORMATION

3/15/83 x#uuauxn20; 07 OBswssn

TEMPERATURE =

Cr s st de e S 3h e dh e ¥ S S P B e S e B3 R F 3 SR I IR 3 S S S S H B R R R P TR F SRR

C

Oxwx#a MOSFETS

¢

oMoDCL
ip
VGE
vDe
VES
VTH
VDSAT
GM
GDS
GMB
CBD
CES
cG=0ovL
CehovL
LGBOVL
CGs
CGH

CER

nZ

JOB

. 43e-05
. &5e-08
.91e-07

. 10e-1¢
. 10e-1¢

. 8%e-13

CoOrOoONNOODN~

M1l

.8%e-05 &S

@. 038
?. 038
-0. 962
0. 800
7. 638

e+09D
e+00
e+00

e+00
e+0Q

CONCLUDED

OCOWOWWOOWNW

Mi2

85e-05
1. 015
0 962

0. 679
0. 291

.47e-04
. 48e-06
. 44e-05

e+00
e+00

. 50e-14
. 50e~-14

e+00

.11e~-13

e+00
e+00

OO+ ONNOORWN

Mi3

. 93e-06

0. 962
8. 829

0 669
0. 257

. 00e-05
. 81e-08
. 89e-06

e+00
e+00

. 10e-15
.10e-15

e+00

. Bbe-14

e+00
e+00

M15

. 34e-05
1. 015
1. 015

0. 679

0. 292
. 3%e-04
. 62e-07
- 38e-05
e+00
a+00
.40e-14
. 40e-14
e+00
. 24e-13
e+00
e+00

- Z

OCOCONNOONIN

M17

. 83e-05

C. 814
8. 628
-0. 201
0. 688

. 90e-04
.01e-07
.4%e-05

e+00
e+00

. 00e-14
. 00e-14

e+00

. 22e—13

e+00
e+00

n:..Ln.‘f M R.'-" (

27. 000 DEG C A%m
NODE VOLTAGE
7) -4, 7991
B
27. 000 DEG
Mi4 M1é
P P
2. 34e-05 2. 12e-05
7.814 0.
8. 985 1.171
8. 985 1.171
-0. 651 -0. 668
-0. 382 -0. 367
@. 0%9e~-05 €. 49e-05
1.87e-07 5. 34e-07
2.85e~-05 2. 74e-0%
0. e+00 O e+00
0. e+00 0. e+00
1.40e-14 1. 40e-44
1. 40e-14 1. 40e:
0. e+00 O e+0Q
0. e+00 O e+0CQ0
1. 24e~-13 1. 24e-13
Q. e+D0 C e+0G



{1adepa2012/14/83 #nnsxwtsx SPICE 2G. 6 3/715/83 #uxsenax#20: 04 O5#+#s%x
N QUP AMF

Qs%xn INPUT LISTING TEMPERATURE = 27. 000 DES C

(o L L R L T Yy R 2 X 2 T R A R R S R R g g R g R S 3¢

.MODEL N NMOS LEVEL=2
vT0=0. 7

CGSD=3SCP CGDO=350P
CJ=60U MJ=0. 5 CJSW=500F MJSW=0. 55
TOX=40N NSUB=1. OE15 TPG=+1

XJ=600N LD=300N U0=700

VRAaX=S0K NEFF= 30

.MODEL P PMOS LEVEL=2

+ VTU=-0.7

+ CRE0O=350P CGDO=350P

+  CJ=200U MJ=0. 5 CJSW=1500P MJSW
+

+

+

b+t

i
©
»

TOXA=4&0N NSUB=1. OE1é TPG=+1
RS=&O0N LD=300ON UD=350
SOK NEFF= 30

i 00U L=6U
+Al=2CC0F A
Mz & & 2 1
+AD=2000P

@Wh me 5
’ +AD=200P

M4 7 &

=6007 FD=300U PS=300U
=200U L=6U

=4600P PD=300U PS&S=300V

h )

W
n

DR
(1]

o

A
HonzZetZzonoym

!

=20U L=10U
100 FL=30VU PS=30U
=400 L=6V
S=&0P PD=40U PE=60U
b= 11 1 P W=130U L=6&U
SAD=1000F AS=60F PD=150U PS=150U
M7 11 5 2 @ N W=100U L=10V
+4D=1GC0F AS=100F PD=150U PS=150V
Mg O 12 1 P W=200U L=6U
+AD=2C00FP AS5=60F PD=300U PS=30Q0V
M5 12 11 2 12 P W=S00U L=6U
+AD=Z000P 4E=60F PD=750U PS=750U
[Mio 7?1 1C¢ 2 N W=6U L=20U

[

all 'ij

n !3:; D¢
[

ML 1

+AD=00

W
&
W
&
W
100 PD=30U PS=30U
W
0
W
o

[

3

[SXN

+AD=40r AE=200P PD=10U PS=10U
CC 10 11 &P

Fi 10 11 10000MEG

vDD 1 O 5

ves 2 0 -5

VBE S 6 3 £292

V4 4 0 O

V33 00aAC 1

CL 12 0 20/

AC DEC 5 100 10000MEG

- PLOT AC VDB(12,0)

SPLOT AC V(12,0) VP (12,0)
CNODESET VI10)=-3. 8774
WilTH OUT=80

END

1#4%%*4*12/14/83 #E:eFatn SFICE 2C. & 3/15/83 s#nraaax220 04 OS»uses
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1=vob

1*******12/14/83 LA 22 22 SPICE QG 6 3/15/83 wuzanuu520; 04: OSwswis

ooPAMP

Ostedesn AC ANALYSIS TEMPERATURE = 27. 000 DEG C ﬁmﬂ

O**********%************ 3696 36 36 36 3 I 303 34 3 35 49 % F 336636 B0 3036 3636 I3 3 S I 3 4

OLEGEND:
#: V(12)
+: VW(12)
X
FREQ V(12)
(%) - 1. 000d-10 1. 0006d-05 1. 000d+00 1.000d+05 1.000d+
(+) -1.000d+02 0. d+00 2. 000d+02 2. 000d+
n LS B el o
). oamﬂ? 2. 84?3d+04 .
1. 5854402 2. 106d+04 .
2.512d+02 1.442d+04 .
2. 921d+02 9. 439d+03 .
6.31Cd+02 6. 0424+03 .
1. 000d+03 3. 840d+03 .
1. 585d+03 2. 4294+03 .
2. 5i2d+03 1.534d+03 .
2. 981d+03 9. 683d+02 .
6.310d+03 6. 1116+02 .
1. 00Gd+04 3. BS546d+02 .
1.585¢+04 2.433d+02 .
2. 512¢+04 1.5354+02 .
2.961d+04 9. 684d+01
6. 310d+04 6. 111d+01
1. 0004+05 3.856d+01 .
1. 5854d+05 2. 433d+01
2.512d+05 1.534d+01 .
3 981a+05 9. 4676d+00 .
6. 3100405 &. 0954400 .
1.0C0d+06 3. 831d+00 .
1. 585d+06 2. 394d+00 .
2 5124+06 1. 4768 +CO
3 931d+0& 8. 84Gd-01
6. 5104406 4. 997d-01 .
1. 000d+07 2. 550d-01 .
1. 585d+07 1.0B9d-01 .
e. 512d+07 3. 614d-02 .
3. 9€1d+07 9. 784d-03 .
& 3104407 2. 5624~03 .
1. 000d+08 7. 4944-04 .
1. 585d+08 2.5514-04 .
2.512d+08 9. 88%94-05 .
3.981d+08 4. 303d-05 .
&£.31Cd408 2. 1114-05 .
1. 00Gd+09 1. 158d~05 .
1. 585d+09 &.902d-06 .
2. 512d+09 4. 368d-06 .
3.981d+09 2.937d-06 .
6. .310d+0% 2. 147d-06 .
1. 00Gd+10 1. 742d-06 .

r n . . ! e



EE290 TEST CHIP ORGANIZATION

The XE290 testzchip is made up of 7 Test ‘Patterns plus a separate section
For alignment marks. The 7 Test Patterns are: Device, Device Drop-in, Process,
Process Drop-in, Shortloop, Yield, and Analog. Fach test pattern consists of a
wwollection of functional units. A functional unit is made up of several blocks
rwhich together accomplish a specific goal. These blocks are 320um x 1800um.
Fach dlock may:contain a 2 x 10 array of 80um pads on 160um centers. A block
sdloes not always contain all 20 pads since some test structures require a large
warea, however the pads which are ;present will remain on the 180um grid. The
-pad numbering convention is shown below. Pad #1 contains a small notch in it to
‘help distinguish top from bottom when viewing the chip through a microscope.
"The entire EE290 chip is a 8 row, 80 columnarray of blocks.

= O D=1 UH N =
[y
()]

The testing of the devices can be accomplished with a 2 x 5 probe card.
‘Some of the test patterns must be tested with a2 x 10 probe card due to uncon-
ventional pad assignments and the inability to constrain the test structure to a
2 x 5 sub-block.

REV 0.0 Spring 1984
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BERKELEY CMOS PROCESS TEST CHIP
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Berkeley CMOS Process Manual

DISCUSSION
Yield Test Pattern

Gate Oxide Integrity

To eveluate gate oxide defect density, we assume that defects follow a Pois-
son distribution, then the probability of having n defects is

Pr(x=n) = [exp(-lambda) * (lambda**n)] / [n!]
where ** means "raised to the power of’ . Lambda is the number of defects in

that area, i.e. lambda = rho*A, where rho is the defect density per unit area and
Ais the area.

The probability that the gate oxide is defective is
Pr(x>0) = 1 - Pr(x=0)
= 1 - [exp(-lambda) * (lambda**0) / (0!)]
= 1- exp(-rho*A)
Typical MOS processes have gate oxide defect density ranging from 10 to

100 defects/cm**2. In our test pattern, we choose a pattern of 500um by 500
um, which gives:

for rho = 10/cm**2 and lambda = 0.025
Pr(x>0) = 1 - exp(-0.025) = 0.0247
and for rho = 100/cm**2 and lambda = 0.25
Pr(x>0) = 1 - exp(-0.25) = 0.2212
Thus the probability of the gate oxide being defective ranges from 2.477% to

22.12%. This means that we should get one defective pattern out of five to forty
patterns, which is a reasonable number.

PN Junction Leakage

In the integrated circuit process, junction leakage can be due to crystal
defects and contamination. It is important to be able to identify leakege from
different. sources so that the cause of leakage can be traced. Typical leakage
currents range from 1 nA/cm®**2 to 10 nA/cm®**2. The area chosen for the pn
junction diode is 0.005075 cm®*2 . This give currents of 5.075 to 50.75 pA, which
is easily measured by an electrometer.

Metal Fault Density

REV 0.0 Spring 1984
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A yield model should include the following facts:

1). Different defects from different mechanisms contribute to the whole
yield function.

2). The defect density varies from chip to chip, and depends on its location
on the wafer and other process factors. .

8). The defect density depends on the design rules used in the design of a
specific circuit.
4). The yield is e function of the circuit under discussion.

If we assume a binominal distribution and use a constant defect density
(uniform defect density) and keep the defect number constant in the limiting
process, we got a Poisson distribution, which is an exponentially decreasing
function as was shown in an earlier section. But it is usually too pessimistic
using this approach.

As pointed out by recent papers a more physical assumption is to use the
Gamma function for the defect density distribution:

£(D) = [1 / {GAMMA(alpha) * (beta**alpha) }] *
[D**(alpha - 1)] * [exp(-D/beta)]

where alpha and beta are the two distribution parameters, and ** means “raised
to the power of".

Thus the probability of having no defects on a chip is
Y = Po =[1 / {(A*beta + 1)**alphaj]
=1/§(1+ S*A*Do)**(1/8S) }

where S = 1/alpha.

The above formula is rather general. In the limiting case of S~0, it will
become the Poisson yield function, which can be shown to be approximately true
when we have extremely low defect densities.

To simplify the yield model without being pessimistic, and to meet require-
ment (2) above, we will assume a triangular density distribution which leads to
the Murphy’s law: )

Y = { [(1-exp(-Do*A)] / (Do*A) §**2

Thus a less pessimistic estimation of yield is obtained.

To meet requirement (1) above we must consider multiple types of defects
with the gamma yield function, the overall yield is then the product of the yield
for each type of defect:

Y = PROD [(1 + Sn*An*Dno)**(-1/Sn)]

where PROD means "the product of, from n=1 to n=N". Fact (4) enters as the
"An" terms. When the yield is high, Sn*An*Dno << 1, therefore,

In{Y) = SUM [(-1 /Sn) * In(1 + Sn*An*Dno)]

where SUM means "the sum of, from n=1 to n=N".

REV 0.0 Spring 1984
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Since In(1 + Sn*An*Dno) ~ Sn*An*Dno, we have
In(Y) = SUM [-An*Dno]
Thus
Y = exp{-SUM (An*Dno)] = exp(-A*Dbar)

REV 0.0 Spring 1984
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SUMMARY TABLE
Yield Test Pattern
Filename Coordinates within
Structure Purpose 200n Test Func.
_Sz-(Blks) chip Pat.  Unit
gcOrOOXNW Gate oxide
capacitors integrityon ¢3r0 cOr0 c4r0
9 N-well
geOr1OXPW Gate oxide
capacitors integrityon  ¢3ril cOrl c4rl
9 P-well
gcOr2PNLEAK1 PN junction
PN junction leakage c3r2  cOr2 c4r2
9 N-well
geSrOMPA Serpentine detect opens
& Comb & shorts cl2r0 ¢10r0 c10r0
metal over
S5 polysilicon
geSriMP Serpentine detect opens
& Comb & shorts ci2r1 cl2r1 ci2ri
metal over
5 ~ poly & difl.
gesr2MC contact chain contact
metal to poly fault cl2r2 cSr2 cl0r2
metal to N+ density c12r2
5 metal to P+ cl2r2
REV 0.0 Spring 1984
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FUNCTIONAL DESCRIPTION
Yield Test Pattern

Gate Oxide Integrity
on N-well & P-substrate

Filenames:
gcOr00OXNW (Nwell bottom plate)
gcOr10XPW (P-substrate bottom plate)

Purpose:
To evaluate the gate oxide defect density

Description:

The gate oxide integrity test patterns are designed with different gate edge
and isolation edge lengths. In this structures the effects of gate edge and isola-
tion edge on the gate oxide integrity can be evaluated. Devices 1, 3, and 5 are to

measure isolation edge effects, while devices 2, 4, and 6 are to measure gate
edge effects,

In the following descriptions, the first name describes the P-substrate
fllename and the following name in ()'s describe the Nwell filename.

1) ox500.1 (ox5001N) is a large square capacitor (500um x 500um). In this
structure, there will be no effect due to gate edge, and only isolation edge is
possible.

2) 0x500.2 (0x5002N) is also a large square capacitor (500um x 500um).
However, only the gate edge is exposed.

3) 0x500.3 (0x5003N) has 2500 squares with 10um a side. The total active
area is the same as ox500.1 and 0x500.2, but the isolation edge length is
increased from 2000 microns to 100,000 microns. There are also a lot of
corners used to evaluate the eflect of corners on gate oxide integrity.

4) 0x500.32 (0x5003N.32) has 2500 squares with 5 um a side. The area is
one quarter of the area of 0x500.3. In this sturcture, only gate edge is
exposed. There are a lot of corners to evaluate the corner effect on the
gate oxide integrity.

5) 0x500.4 (0x5004N) has the same periphery edge length as 0x500.3, but
there are less corners. The area is twice that of other test pattern due to
the need to keep the periphery length the same as 0x500.3.

8) 0x500.42 (0x5004N.42) has the same periphery edge length as ox500.32
with less corners. The area is one quarter of the area of ox500.4.

Testing:

Standard Capacitance Measurement.

REV 0.0 Spring 1984



Pad Assignment:

PAD # | filename ARFA (sq um) | PERIMETER (um)
Nwell
Capacitors

| (gcOr0QXNW)
14,3 ox5001N 250,000 2000
12,3 ox5002N 250,000 2000
18,8 ox5003N 250,000 100,000
13,3 ox5003N.32 | 82,500 50,000
19,8 ox5004N 485,000 100,000
11,3 0x5004N.42 | 123,750 50,000

W
P substrate
Capacitors

| (gc0r10XPW)
14,3 0x500.1 250,000 2000
12,3 0x500.2 250,000 2000
18,8 0x500.3 250,000 100,000
13,3 0x500.32 62,500 50,000
19,8 0x500.4 495,000 100,000
11,3 0x500.42 123,750 50,000

REV 0.0

Berkeley CMOS Process Maunual

NOTE: Pad #'s 2, 10, 12, and 20
are contacts to the Nwell.
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PN junction leakage test

Filename:
gcOr2PNLEAK1

Purpose:
To check junction leakage

Description:
The test patterns are described as follows:
1) pn712.5.1 (pn71251N) is a square pn junction diode (712.5um x 712.5um).

2) pn712.5.2 (pn71252N) has the same area as pn712.5.1, but is laid out in a
finger-like manner to increase the periphery length of the isolation edge.

Pad Assignment:
PAD # | filename | AREA(squm) | PERIMETER (um)
e et
Nwell
Capacitors
16+,8- | pn71251N | 507856 2850
19+,8- | pn71252N | 507900 101580
P substrate
Capacitors
7+,17- | pn712.5.1 | 507658 2850
7+,18- | pn712.56.2 | 507900 101580

REV 0.0 Spring 1984
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Metal Fault Density

Filenames:
mop, msp, mopa, mspa

Purpose:
To determine the metal fault density.

Description:
The test pattern is made up of four parts:

1) mop consists of serpentined metal over polysilicon and field oxide with a
total of 32,000 metal steps created by an array of poly lines. The metal is of
minimum feature size according to our design rule ( 35 lambda ), and the
total length of metal is 101800 microns.

2) msp consists of two interwoven metal combs, and are made of minimum
geometry metal wire as above and the spacing between adjacent lines is 85
lambda. The total adjacent parts of the two combs is made approximately
the same length as in mop. This structure is dedicated to the test of shorts
due to etching, patterning, ete.

3) mopa is also of serpentine metal with minimum features, the difference
with mop is that it subjected to two steps of field oxide to poly and poly to
diffusion, and thus has a more stringent test than mop. It has the same
length as mop and has 16,860 pairs of steps.

4) mspa is a comparison to msp to see whether the added steps also
influence the short fault density.

Testing:
OPENS:
A common reference point is chosen at the "end" of the serpentine. A
current is forced through the serpentine at 4 possible locations. The vol-
tage is sensed. If it is low, no opens have occurred. If it is high, opens exist
in the structure, indicating a fault. Taps to the structure are placed at 1/8,
1/4, 1/2, and full distance from the reference tap.

SHORTS:

A common reference point is chosen at one side of the comb structure. A
voltage is forced at the other end of the comb. Four different combs with
varying number of "teeth” exist. The current is sensed. If it is low, no
shorts have occurred. If it is high, this indicates a short has occured. Four
different comb structures exist within each 2-block area. This allows areas
of 1/8, 1/8, 1/4, and 1/2 of the total 2-block area to be tested.

REV 0.0 Spring 1984



Pad Assignment:

PAD # | DESCRIPTION FUNCTION

R —
OPENS
2 Common Reference | Ground
11 10 Serpentines Force ], Sense V
12 22 Serpentines Force ], Sense V
13 ~42 Serpentines Force ], Sense V
4 ~B84 Serpentines Force ], Sense V

e e d
SHORTS
7 Common Reference | Ground
18 11 Combs Force V, Sense ]
17 11 Combs Force V, Sense 1
18 ~22 Combs Force V, Sense 1
19 ~44 Combs Force V, Sense 1

REV 0.0

Berkeley CMOS Process Maunual
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Metal Contact

Filenames:
mopl, mecnn, mepp

Purpose:

To determine the fault density of metal contacts.

Description:
The following three stuctures are included:

1) mepl is the metal to polysilicon contact test pattern. There are ~1664
poly pieces, each with two contacts. Thus, ~3328 poly to metal contacts are
obtained. The contact size is 15 lambda (lambda = 0.1um), with 12 lambda
metal and 18 lambda poly extention in all four directions.

2) mcmm is the metal to N+ contact. It also consists of ~18684 diffused
areas with two contacts each, yielding ~3328 metal to diffusion contacts
with 12 larnbda metal and 8 lambda of N+ diffusion in all four directions.

3) mcpp is the same sa 2) above with P+ instead of N+ diffusion.

Testing:

A current is forced through the contact chain. If a high voltage results
across the contact chain, an open circuit has occurred and hence a fault. A low
voltage is expected for an operative chain.

REV 0.0 Spring 1984



Pad Assignment.:

REV 0.0

Berkeley CMOS Process Maunual

PAD # | DESCRIPTION FUNCTION

f ——— a————— |
POLY
2 Reference Pad | Ground
11 418 contacts Force I, Measure V
12 832 contacts Force 1, Measure V
13 1864 contacts | Force ], Measure V
14 3328 contacts | Force I, Measure V

— |

N+
2 Reference Pad | Ground
11 416 contacts Force 1, Measure V
12 832 contacts Force I, Measure V
13 1864 contacts | Force 1, Measure V
14 3328 contacts | Forcel, Measure V
P+ —
7 Reference Pad | Ground
19 418 contacts Force ], Measure V
18 832 contacts Force 1, Measure V
17 1864 contacts | Force ], Measure V
18 3328 contacts | Force I, Measure V

Spring 1984
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Yield Test Pattern (gsubchip)
Cif File Cell Hierarchy

OXNW.k
PADSET.k metlchange.k ox5001N.k ox5002N.k
0x5003N.k 0x5004N.42.k ox5004N.k

OXPW.k
PADSET.k metlchangel.k 0x500.1.k 0x500.2.k
0x500.8.k 0x500.4.k 0x500.42.k

PAD.k

PADSET.k
PAD.k

PNLEAK1.k
PADSET.k pn712.5.1.k pn712.5.2k pn71251N.k pn71252N.k

actv.k
actvi0.k
actviOn.k
actviOx.42.k
actv10x990.k
actv10x990n.k
actviOxn.42.k
actvzigzag.k
actvzigzagn.k
cont.k

contline.k
pair.k

contlines.k
contline.k pair.k

cpolyline.k
polypair.k

cpolylines.k
cpolyline.k
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gsubchip.k
konrad.k lsf.k template.k

konrad.k
OXNW.k OXPW.k PNLEAK1.k

Isf.k
PADSET.k Isfiw3.k 1sfmd3.k
mecd.k meplk metlconni.k

Isfiw3.k
PADSET.k metalcomb.k metalsnake.k
palines.k template.k

Isfmd3.k
PADSET.k metalcomb.k metalsnake.k
polylines.k template.k

med.k
PADSET.k menn.k mecpp.k template.k

memn.k
contlines.k nlines.k

mepl.k
PADSET.k contlines.k cpolylines.k

mepp.k
contlines.k plines.k

metalcomb.k
metalu.k

metals.k

metalsnake.k
metals.k

metalu.k
metlchange.k

metlchangel.k
PADSET.k

metlconni.k
PADSET .k

nline.k
npair.k

nlines .k
nline.k

REV 0.0
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npair.k
0x500.1.k
0x500.2.k

0x500.3.k
actvl0.k

ox500.4.k
actv10x980.k

0x500.42.k
actvlOx.42.k

ox5001N.k
0x5002N.k

ox5003N.k
actviOn.k

0x5004N.42.k
actvlOxn.42.k

0x5004N.k
actvl10x990n.k

pair.k
cont.k

palines.k
actv.k

pline.k
ppair.k

plines.k
pline.k

pn712.5.1.k

pn712.5.2.k
actvzigzag.k

pn71251N.k

pn71252N.k
actvzigzagn.k

polyline.k

polylines.k
polyline.k
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polypair.k
ppair.k
template.k
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EE290 TEST CHIP ORGANIZATION

The EE290 testcchip is made up of 7 Test Patterns plus a separate section
For alignment marks. The 7 Test Patterns ere: Device, Device Drop-in, Process,
Process Drop-in, Shortloop, Yield, and Analog. Each test pattern consists of a
wollection of functional units. A functional unit is made up of several blocks
=which together accomplish a specific goal. These blocks are 320um x 1800um.
FBach block may contain a 2 x 10 array of B0um pads on 160um centers. A block
wdoes not always contain all 20 pads since some test structures require a large
warea, however the pads which are present will remain on the 180um grid. The
-pad numbering convention is shown below. Pad #1 contains a small notch iniit to
-help distinguish top from bottom when viewing the chip through a microscope.
“The entire EE2S0 chip is a 8 row, 30 columnarray of blocks.

QAT h WN -
[y
(9]

8

The testing of the devices can be accomplished witb a 2 x 5 probe card.
Some of the test patterns must be tested with a 2 x 10 probe card due to uncon-
ventional pad assignments and the inability to constrain the test structure to a
2 x 5 sub-block.

REV .0 Spring 1984
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BERKELEY CMOS PROCESS TEST CHIP
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DISCUSSION
Short Loop Test Pattern

Abstract

A set of test patterns has been developed which allows “in process” evalua-
tion of important physical parameters. Test categories include dielectric evalua-
tion, linewidth and sheet resistance, layer alignment, and MOS device charac-
teristics.

The purpose of the short loop test chip is twofold:

(1) to provide a way of evaluating critical physical and electrical parameters
before a full process run is complete,

(2) and to make fully testable devices outside of the full process using as few
masking steps as possible. A

These abilities will enable process and device designers to evaluate their ideas
without going to the trouble and expense of putting a wafer through the entire
fab process.

Our goal in the project was to design a simple and versatile set of devices to
use the short loop method while paying particular attention to the availability of
automated test equipment.

The device types are categorized in two general groups, visual test sites and
electrical test sites. Visual test patterns are particularly well suited to this chip
because only one or two masking steps are required for their fabrication. They
Tequire no extra steps in the full process, and they may be inspected at any
point in the process after they are made. However, their use is limited to resolu-
tion and alignment measurements. The main disadvantage of the visual tests is
that we currently have no automated test equipment to perform the inspection.
This means that testing enough sites to get a statistically meaningful sample
size will be prohibitively time consuming.

The strengths of the electrical test sites are, fortunately, the weaknesses of
the visual sites. The tests include alignment and resolution, sheet resistance,
dielectric evaluation, surface state evaluation, and MOS device characteristics.
However, the electrical test devices are harder to implement with the short loop
method. One to four masking steps are generally required to produce a test site.
Many sites require a special contact masking step before they may be tested. P-
channel devices in our process are particularly poorly suited to the short loop
method because the n-well fabrication necessary for their use is a major time
burden. For this reason, n-channel devices have been used wherever possible. Of
course the great advantage of the electrical test devices is that autornated test-
ing may be used.

Test Types

Following is a summary of the information which may be garnered from the
devices. Listed with the general test areas are the names of the particular sites
which are useful in measuring parameters related to that area. These tests
cover the important aspects of process development. Detailed information on
the individual test patterns is in the device catalogue.

REV 0.0 Spring 1984
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ALIGNMENT

Verniers (optical): can determine the alignment between any two
layers

Al-poly: finds the alignment of the polysilicon to the active areas.

Al-cont: finds the alignment of the metal contacts to the conducting
layers.

CONTACT CHARACTERIZATION

Butting Contact: A chain of butting contacts to n-active regions.
Cont Chain: Active area to active area contact chain.

INSULATOR QUALITY

All Capacitor patterns: These are capacitor patterns which include all
conducting layers and all oxide regions.

MOS DEVICE CHARACTERISTICS
Nmos1, Pmos1: 4 n-channel and 4 p-channel devices

Nmos2, Pmos2: same as Nmos1 and Pmos1 with the addition of a spe-
cial mask which may be used to block implants, etch oxide, etc.

PATTERN CONTINUITY AND SHORTS
Metal continuity
Metal shorts
Poly continuity
Poly shorts

RESISTIVITY

All Van der Pauws: Will find sheet resistance (Rs) of each conducting
leyer.

SPACING/RESOLUTION
Elbows (optical): Measures the resolution of all layers

All Van der Pauws: finds the spacing and resolution of all conducting
layers with the possible exception of metal.

These tests cover the important aspects of process development. Detailed
information on the individual test patterns is given in the document.

Design notes

Many of the devices on this chip are similar to those on other test chips,
particularly device and process characterization. The difference is that the lay-
out of our devices enables them to be tested before processing is completed.
Most contact pads are laid out in the material which is intended to be contacted.
For example, the contacts for the gates of the MOS devices are made of poly.
This may be done whenever the IR drop in the contact lines will not affect the
accuracy of the testing, and it eliminates the necessity of the passivation, con-
tact, and metallization procedures. It is questionable whether or not this will

REV 0.0 Spring 1984
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work with the diffused layers, so an extra contact level, CON1, has been laid out
for those layers. CON1 is also laid out for contact pads which are covered with a
thin oxide at the time of their fabrication. Another additional mask, PROTECT,
was laid out for half of the NMOS and PMOS devices. Using this mask the devices
may be shielded from implants or have their oxide dipped back. They may then
be compared with the non-masked devices.

For the p-channel devices there is no difference between the full and short
loop processes, so no short loop plan is given. We tried to include only devices
which could be made in a short loop, as anything which requires the full process
really belongs on another test chip.

Conclusions

The devices on this chip should handle a large proportion of the process and
device characterization needs. It is suggested that several more patterns which
allow electrical inspection of the alignment of the n-well to the active areas and
to the isolation be designed and added. Many of the patterns require the isola-
tion and active area definition steps. Once the process has been finalized
through those steps it would be a good idea to prepare several wafers up to that
point and keep them on hand to be finished with the desired short loop steps.
This will greatly reduce the short loop turnaround time.

Through some clever re-designing of devices on other test chips it may be
possible to incorporate the short loop sites on those chips, thus saving a great
deal of space. A short loop "drop in" may also be desirable.

REV 0.0 Spring 1984
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SUMMARY TABLE
Shortloop Test Pattern
Filename Coordinates within
Structure Purpose 200n Test Func.
L_Sz-(Blks chip _ Pat. Unit
ELBOWS
hc00r0 visual measure vert.
. and horz. cl17r0 <0r0  c0r0
1 linewldth  yipewigth
VERNIERS
he01r00 alignment  visual clr0 cir0d
. alignment cl7rl
2 ers of 2 layers cirl eirl
CAPACITORS
he05r0 metal-fleld capacitance, ©¢22r0 ¢5r0  ¢5r0
1 capacitor _ edge effects
he08r0 metal-poly capacitance,
1 capacitors edge eflects B30 ofr0  ofr0
he09r0 poly- capacitance,
diffused c26r0 c9r0 c¢9r0
1 capacitor edge effects
hellr0 poly-field capacitance, c26r0 clir0 cl1ir0
1 capacitors _ edge eflects
hei2r0 poly-n type capacitance,
gate oxide c20r0 c12r0 c12r0
1 capacitor edge eflects
he00r1 poly-p type capacitance,
gate oxide cl7rl cOri1 cOr1
1 capacitor edge eflects
Spring 1984
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SUMMARY TABLE
Shortloop Test Pattern
Filename Coordinates within
Structure Purpose 290n Test Func.
1 Sz-SBlks! chip _ Pat. Unit |
SHORT
DETECTION
hcD4r0 interlocking short
combs of circuit c21r0 c4r0 c4r0
1 metal detection
heO1ir1l interlocking short
combs of circuit cl8rl cirl clirl
1 metal & poly detection
CONTINUITY
he03r0 Serpentine continuity
w/ & w/o of metal e20r0 e3r0  ¢3r0
1 steps layer
hel10r0 Serpentine continuity
w/ &w/o of poly ¢27r0 ¢10r0 c¢10r0
11 steps layer
ALIGNMENT
PATTERN
hecO2r1 long & narrow  alignment )
N-channel of poly to ci8ri c2r1 c2rl
1&1/2 device active area
DEVICES
hc07r0 N and PMOS
devices with various c24r0 c7r0 c7r0
1 PROTECT layer
hec08r0 N and PMOS
devices w/o0 various ¢25r0 cBr0  cBrD
1 PROTECT layer
CONTACT
CHAIN
hci0r1 chain of check compat-
butting ability of c27rl cl0rl cl0rl
contacts process for
butting
1 contacts

REV 0.0 Spring 19684
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SUMMARY TABLE
Shortloop Test Pattern
Filename Coordinates within
Structure Purpose 200n Test Func.
| Sz-(Blks) chip Pat.  Unit
LINEWIDTH
& SPACING,
VAN DER PAUYW
PATTERN
hc04ri1 long, narrow linewidth
piece of and
poly & spacing, c2lrl c4rl c4rl
VAN DER PAUW  Sheet
1 Pattern Resistance
hc05r1 long, narrow linewidth
Ppiece of and
capacitor & spacing c22r1 ¢b5rl cbrl
VAN DER PAUYW  Sheet
1 Pattern Resistance
hc08rl long, narrow linewidth
piece of and
metal & spacing ©23rl cbrl cBri
VAN DER PAUW  Sheet
1 Pattern Resistance
hc07r1 long, narrow linewidth
piece of and
n+ diffusion &  spacing c24r1l c7rl c7rl
VAN DER PAUW  Sheet
1 Pattern Resistance
hc08r1 long, narrow linewidth
piece of and
p+ diffusion &  spacing ¢25r1 cBrl c8ril
VAN DER PAUW Sheet
1 Pattern Resistance
he08r1 long, narrow linewidth
piece of and
well & spacing ¢26r1 c¢9rl cfrl
VAN DER PAUW  Sheet
1 Pattern Resistance
Spring 1984
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FUNCTIONAL DESCRIPTIONS
Short Loop Test Pattern
Elbows
Fllename:
he00ro
Purpose:

To measure both vertical and horizontal linewidth.

Description:

There are three sets of right angle elbows. One set has both variable
linewidth and variable space. The other two are only variable space or variable
linewidth.

There is one set of three for each layer.

Testing:

Visual Inspection.

Pad Assignment:
Non electrical test

Short Loop:
Each pattern can be inspected immediately after the completion of that
processing step.

REV 0.0 Spring 1984
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Verniers

Fllename:
he01r0

Purpose:

To determine alignment(visual) of two layers.

Description:

Two parallel rows of stripes which have slightly different ~10% different
spacing. There are one pair for every layer to layer combination. There will be
two sets on to measure both horizontal and the other to measure vertical align-
ment.

nwel -> aa nwel = n well

nwel -> pf aa = active area
nwel -> poly pf =pfleld

nwel -> n+ poly = poly silicon
nwel -> p+ n+ = n+ source/drain
nwel -> cont p+ = p+ source/drain
nwel -> metl cont = contact
aa ->pf met! = metal

aa -> poly

aa ->n+

aa ->p+

aa ->cont

aa -> met!’

pf -> poly

pf <> n+

pf ->p+

pf ->cont

pf -> metl

poly -> n+

poly -> p+

poly -> cont

poly -> metl

n+ ->p+

n+ -> cont

n+ -> metl

p+ ->cont

P+ -> metl

cont -> metl

Testing:

Visual inspection to determine which stripes line up

Pad Assignment:
Non electrical test -

REV 0.0 Spring 1984
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Capacitors

Fllenames:
hec05r0 metal-field
hc08r0 metal-poly
hc09r0 poly-diffused capacitor
helir0 poly-fleld
hc12r0 poly-n type gate oxide
hc00r1 poly-p type gate oxide

Purpose:

To measure capacitance and obtain C-V plots.

Description:

There are two capacitors in each block. One has an area of 202176 square
microns and a perimeter of 2104 microns. The other has an area of 94656 square
microns and a perimeter of 9912 microns. Edge effects can be calculated with
the two devices of different area to perimeter ratios.

Testing: i
Measure the capacitance with a capacitance meter across the plates.
Ci1=A1*Ca + P1*Cp

C2=A2*Ca + P2*Cp

Where Ca is the capacitance per unit area and Cb is the capacitance per unit
length.
Pad Assignment:

PAD NUMBER | NAME FUNCTION

1 GND Large Cap Bottom Plate

11 VDD Large Cap Top Plate

8 GND Small Cap Bottom Plate

16 VDD Small Cap Top Plate
Short Loop:

Each capacitor has its own short loop. The capacitors are formed when both
plates have been formed. In some cases, (e.g. capacitors to the substrate), an
addition implant is needed for an ohmic contact.

REV 0.0 Spring 1984
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Short Detection

Fllenames:
hc04r0 (metal)
hcO01r1 (poly)

Purpose:
To check the poly and metal for short circuits

Description:
The structure is composed of two interlocking combs of minimum geometry
wires.

Testing:

Pads 2 and 12 are connected, pad 11 is on the opposite comb. Force current
into pad 11 and measure voltage. If there is a short then the voltage will be very
low. Pads 2 and 12 can also be used to check for continuity of the other comb.

Pad Assignment:
PAD NUMBER | NAME FUNCTION
2 Gnd
12 Gnd
11 Iin Force 1, Measure V

REV 0.0 Spring 1984
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Continuity - With and Without Steps

Fllenames:
hc03r0 (metal)
hc10r0 (poly)

Purpose:
To check the continuity of the layer.

Description:

There are two patterns on each block. One with steps and the other without.
The metal pattern has poly steps and the poly pattern has n+ active area steps.
The pattern is a serpentine pattern of 4 micron lines and 4 micron space. The
steps are also 4 micron lines and spaces. The pattern is 5760 microns long.

Testing:
Force current from the universal pad and measure its voltage. If the voltage
is low then the pattern is continuous.

Pad Assignment:

PAD NUMBER | NAME FUNCTION

2 Gnd With Steps
11 U1 With Steps
(g Gnd VWithout Steps
18 U1 VWithout Steps

REV 0.0 Spring 1984
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Gate to Active Area Alignment Pattern

To examine the alignment of poly to the active area.

Description:

Two very long and narrow-(440u x 4u) N channel devices aligned horizontally
and vertically. Each source and drain has 4 taps, two to force current and two
to sense voltage. The gate is left floating. The width of each source and drain is
determined, and the mis-alignment of the gate to the active areas in two dimen-
sions is found.

Also included is a Van der Pauw pattern made of N+.

Testing:
Define Va=Vs2-Vs1 and Vb=Vu3-Vu4.

Misalignment = IRs(440)(1/Va-1/Vb)u toward U3,U4 side.

Pad Assignment:

PAD NUMBER | NAME FUNCTION

ALIGNMENT

PATTERN

{c02rl)

2 G Ground

4 B Ground

5 S1 Voltage Tap

11 1 Current Source

13 U3 Voltage Tap

14 U4 Voltage Tap

15 Se Voltage Ta

Van der Pauw

PATTERN

(co3r1)

4 E External

5 S1 Sense Voltage

14 U4 Universal

15 : S2 Sense Voltage
Special Masks: "”“'\

REV 0.0 Spring 1984
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Short contact (CON1)

Completion Step:
Isolation, Gate Define, Poly, N+II, CON1

REV 0.0

Spring 1984
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Linewidth and Spacing Test Pattern

Filenames:
hc04r1 (poly), he05r1 (capacitor), he08r1 (metal),
he07r1 (N+1I), hcO8r1 (P+1l),  hcO08r1 (nwell)

Purpose:
To measure the linewidth and spacing of the conducting layers.

Description:

Long, narrow (400u x 12u) forked sheet of conducting layers. The patterns
are in the same block as the Van Der Pauw devices for that particular level.

Testing:
Force a known current, 1. Rs is known from a Van Der Pauw pattern in the
same block. The spacing, S, and the linewidth, L, are then:
S = (Rs)1(240V12 - 120V23)/(V12 x V23)

W = Rs(L)I(240)/2V12

Pad Assignment.:
PAD NUMBER | NAME FUNCTION
5 S1 Measure Voltage
11 U1 Force Current
12 U2 Measure Voltage
13 U3 Measure Voltage
14 U4 Sink Current
15 Se Measure Voltage
Special Masks:

All implanted layers require the short contact mask.

Completion Point:

The structures are complete at any point after implantation or deposition
and patterning.

Short Loop:

The short loop steps required are: metal and poly; deposit and pattern iso-
lation, N+II, and nwell; implant and drive P+II; first form nwell, then implant and
drive.

REV 0.0 Spring 1984
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NMOS and PMOS Devices

Filenames: hc07r0 (PROTECT mask included), hcO8r0

Purpose:
Primarily to allow measurement of the threshold voltage.

Description:

Two half blocks of NMOS and two half blocks of PMOS devices. Each half
block has a common source and gate. hc07r0 is covered with a special mask to
block the Vt adjust implant. There are four devices in each half block with W/L
ratios of .6, 1.0, 2.0, 3.0. Included in the hc07r0 site is the additional mask layer,
PROTECT.

Testing:
The testing procedure varies with the desired parameter measurement. It
can include 1d vs. Vds and sqrt(I) vs. Vgs plots.

Pad Assignment:
PAD NUMBER
W/  GIsID| B | SUB
NMOS
0.6 1] 2] 11 | none | none
1.0 1| 2] 12 | none | none
2.0 1] 2| 13 | none | none
3.0 112114 | none | none
PMOS
0.8 6| 7| 16 | none | none
1.0 6| 7] 17 | none | none
2.0 61 7| 18 | none | none
3.0 8{ 7] 19 | none | none
Special Masks:

Short contact (CON1), PROTECT

Completion Step:
F-9

Short Loop:
There is no short process for the PMOS devices as they need the N-well. The
short loop for the NMOS devices is: Gate Define, Source/Drain implant, CON1.

REV 0.0 Spring 1984
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Van der Pauw Pattern

Filenames:
hc04r1 (poly), he05r1 (capacitor), hc08r1 (metal),
hc07r1 (N+II), he08r1 (P+1I),  hc08rl (nwell)

Purpose:
To find the sheet resistance of each conducting layer including all implants.

Description:

A 80u square of each conducting layer with one contact on each side of the

square. The JPL linewidth and spacing patterns are on the same block for each
layer.

Testing:
Rs = {(Vs1 - Vs2)/Iud) * pi/In 2

Pad Assignment:

PAD NUMBER | NAME FUNCTION

4 E External

5 S1 Sense Voltage

14 U4 Universal

15 S2 Sense Voltage |
Special Masks:

Short loop contacts for the implanted layers.

Completion Step:
Any point after implantation or deposition and patterning.

Short Loop:
The short loop steps required are: metal and poly; deposit and pattern iso-

lation, N+1], and nwell; implant and drive P+II; first form nwell, then implant and
drive.

REV 0.0 Spring 1984




Berkeley CMOS Process Manual

Butting Contact Chain Test Pattern

Filename:
heil0Ori1

Purpose:

To study the compatibility of our process with butting contacts for the n-

channel devices.

Description:
A chain of n+ active areas running up and down a full block joined by metal
straps with butting contacts.
Pad Assignment:
PAD NUMBER | NAME | FUNCTION
2 G Ground
14 U4 Universal
Special Masks:
none
Completion Step:
Metallization
Short Loop:

Isolation, N+II, contacts, metallization

REV 0.0

Spring 1984
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SHORTLOOP TEST PATTERN

FLOORPLAN

0,2
hc0O0r0 hcOO0ri1 hcO00r2
visual LW patterns poly p gate ox cap nwell substrate cap
hcOlrl hcO1r2
ther poly short capacitor substrate
alignment verniers heO2r2
heO2ril cont align to poly
hc03r0 poly alignment hcO3r2
metal continuity cont align to n+
hc04r0 hcO4ri1 hc04r2
metal short Van Der Pauw poly cont chain to n+
hc05r0 hc05r1 hc05r2
metal field cap Van Der Pauw cap cont chain to poly
hc06r0 hcO6r1 hc06r2
n&p xstrs wo VT imp Van Der Pauw Metal metal resistance
hc07r0 hcO7rl hcO07r2
metal poly cap Van Der Pauw nnii gated diode
hc08r0 hc08r1
n&p devices Van Der Pauw ppii
hc09r0 hcO9r1
poly diffused cap Van Der Pauw nwell
hc10r0 hc10ril
poly continuity butt. contact chain
he11rO hecllril
poly field cap n+ substrate cap
hc12r0 hc12rl

poly n gate ox cap

p+ nwell cap
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Berkeley CMQS Process Manual

Shortloop Test Pattern (hsubchip)
Cif File Cell Hierarchy

al-poly.k
padblock k

butting-cont.k
padblock.k

contpad.k
elbows.k

heOr0.k
elbows.k

heOri.k
polypgatecap.k

be10r0.k
poly-cont.k

hei0ri.k
butting-cont.k

hellr0.k
polyfleldcap.k

hec12r0.k
polyngatecap.k

heir0.k
verniers.k

helrl.k
poly-short.k

heérl.k
al-poly.k

he3r0.k
metal-cont.k

hedr0.k
metal-short.k

hedrik
vp-poly.k

he5r0.k
metlfieldcap.k ﬂ

REV 0.0 Spring 1984
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Berkeley CMOS Process Manual

hebril.k !
vp-fpii.k

hebr0.k
metlpolycap.k

he6ri.k
vp-metlLk

he7r0.k
np2.k

be7rik
vp-nii.k

heBr0.k
nplk

heBri.k
vp-piLk

heBro0.k
poly-cap-cap.k

beBrl.k
vp-well.k

hsubchip.k
heOr0.k hcOrl.k helOr0.k helOrlik helirO.k
bel2r0.k bhelrO.k hecirl.k hclrli.k he3r0.k
bedr0.k hec4rl.k hebr0.k heSrik he6rO.k
heBri.k he7r0.k he7rl.k he8r0.k hecBrlk
he9r0.k heSrik

metal-cont.k
padblock.k

metal-short.k
padblock.k

metlfieldcap.k
contpad.k padblock.k

metlpolycap.k
contpad.k padblock.k

nplk
padblock.k

np2.k
padblock.k

padblock.k
pads.k

REV 0.0 Spring 1984
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Berkeley CMOS Process Manual

pads.k

poly-cap-cap.k
contpad.k padblock.k

poly-cont.k
padblock.k

poly-short.k
padblock.k

polyfieldcap.k
contpad.k padblock.k

polyngatecap.k
contpad.k padblock.k

polypgatecap.k
contpad.k padblock.k

verniers.k
vp-fpii.k
padblock. k

vp-metlk
padblock.k

vp-nii.k
padblock.k

vp-pil.k
padblock.k

vp-poly.k
padblock k

vp-wellk
padblock k
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EE290 TEST CHIP ORGANIZATION

The EE280 testcchip is made up of 7 Test Patterns plus a separate section
For alignment maris. The 7 Test Patterns are: Device, Device Drop-in, Process,
Process Drop-in, Shortloop, Yield, en@ Analog. Each test pattern consists of a
reollection of functional units. A functional unit is made up of several blocks
rwhich together accomplish a specific goal. These blocks are 320um x 1800um.
Each dlock may:contain a 2 x 10 array of 80um pads on 160um centers. A block
wdoes not always contain all 20 pads since some test structures require a large
warea, however the pads which are ppresent will remain on the 180um grid. The
-pad numbering convention is shown below. Pad #1 contains a small notch in it to
‘help distinguish top from bottom when viewing the chip through a Tnicroscope.
The entire EE250 chip is a 8 row, 80 columnarray of blocks.

QOO PN -
[y
[4]

D 20

The testing of the devices can be accomplished with a 2 x 5 probe card.
‘Some of the test patterns must be tested with a 2 x 10 probe card due to uncon-
ventional pad assignments and the inability to constrain the test structure to a
2 x 5 sub-block.

REV 0.0 Spring 1984
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DISCUSSION
Process Test Pattern

Description

No formal introduction for the Process Test Pattern has been generated.
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SUMMARY TABLE
Process Test Pattern
Filename Coordinates within
Structure Purpose 290n Test Func.
J Szé Blksz chip _ Pat. Unit
ecOr0rcon Van contact
der resistance
p+S/D, c4r3 cOr0 cOr0
Pauw n+ 5/D,
1 & poly
eclrOsri Van contact
der resistance
p+ Sg. e5r83 cir0 cir0
n+ S/D,
Pauw poly, metal
1 & n-well
ec2risr2 Van contact
der resistance
pt+inwell, c6r3 c2r0 clr0
P+ in sub,
Pauw n+ in well,
1 n+ in sub
ec3rllwg Cross line width
of poly c7r3 c3r0 c3r0
bridge lambda =
1 10, 13, 20
ecdrOlwm  cross line width
of metal cBr3 cdr0 c4r0
bridge lambda =
1 ‘ 19, 28, 38
ecS5r0lwp cross line width
of p-active  ¢9r3 cbr0 c5r0
bridge lambda =
1 17, 23, 34
ecBrllwn Cross line width
of n-active ¢10r3 c¢Br0 cBrD
bridge lambda =
1 17, 23, 34
ec?7r0w Cross line width
of poly, clir3 c70 c7r0
bridge nwell, &
1 p-active
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SUMMARY TABLE
Process Test Pattern
Filename Coordinates within
Structure Purpose 200n Test Funec.
|__S2z-(Blks) chip  Pat.  Unit
ecBrOchain contact contact
resistance,
chain poly, c12r3 cBr0  cBr0
3 diffusion ¢12r3 ciOr0 c10r0
eclirfeapoly potential electrical
alignment
s contact to cl5r3 ¢11r0 cl11r0
divider poly & metal
1 to poly
ecl2rleadiff potential electrical
alignment
- contact to cl8r3 c12r0 c12r0
divider diffusion &
1 metal to poly
ecOr2ring Ting propagation c4r5  c0r2 c0r2
2 oscillator delay
ec2rllatchA  CMOSinverter latchup
with & cBrd clr2 c2r2
without and
3 __guard band c4r2
ecSr2latchB  CMOS inverter latchup
with & c9rd  cbrd c5r2
without and
3 ___guard band c7r2
ecBr2punch CMOS punch cl2rd cB8r2  cBr2
1 inverter through
REV 0.0 Spring 1984
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SUMMARY TABLE

Process Test Pattern

Filename

’=Sz-(Blks)

Structure Purpose

290n
cgp

Coordinates within
Test Fune.
Pat. Unit

eclrlcapl

11

capacitance
Cox(pMOS)
Cox(nMOS)
C(M-sub)
C(M-poly)
Cjn+:area
Cjp+:area
C(M-well)
C(poly-well)
C(poly-sub)

capacitors

c4r4
c4r4
c4r4
cdr4d
c4drd
cdr4
cdrd
c4r4d
cdr4

cOri
cOrl
cOrl
c0lrl
cOrl
cBrl
cbrl
cBrl
cBrl

corl
ebrl
cdrl
csrl
corl
cSrl
cdrl
cbrl
cbrl

2

cclliricap2

capacitance

Cfringe
(M-sub)
Cfringe
(poly-n+)
Cfringe
(poly-p+)
Cjedge:n+
Cjedge:p+
Cgate
pMOS

Cgate
aMOS

capacitor

clbr4

clirl eclirl

ccBr2capd

capacitance
Ciringe
(poly-well)
Cfringe
(poly-sub)
Ciringe
{met-n+S/D)
Cfringe
(met-p+S/D)
inge
(met-well)

Cﬁeldéwell)
Cfield(sub)

capacitor

c13rS

c9r2 cOre

REV 0.0
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FUNCTIONAL DESCRIPTIONS
Process Complete Test Pattern

Contact Resistors

Filename:
ecOr0Orcon

Purpose:
To measure the contact resistance of: 1) metal to p+ S/D, 2) metal to n+
S/D, 3) metal to poly, and 4) metal to poly

Description:
This is a Van Der Pauw like structure. The length and width of all structures
is 4um.

Testing:
The test procedure is a standard Van Der Pauw measurement. The contact
Tesistance is then, CR = (V*pi)/(1*In2).

Pad Assignment:

PAD NUMBER | NAME FUNCTION

3 I+ Force Current Device 1
4 I- Force Current Device 1
5 I+ Force Current Device 2
8 I- Force Current Device 2
7 I+ Force Current Device 3
8 I- Force Current Device 3
9 I+ Force Current Device 4
10 I- Force Current Device 4
13 V+ Sense Voltage Device 1
14 V- Sense Voltage Device 1
15 V+ Sense Voltage Device 2
16 V- Sense Voltage Device 2
17 v+ Sense Voltage Device 3
18 V- Sense Voltage Device 3
19 V+ Sense Voltage Device 4
20 V- Sense Voltage Device 4
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Sheet Resistance-1

Filename:
eclrOsrl

Purpose:

To measure the sheet resistivity of: 1) poly, 2) n-well, 3) metal, 4) n+ S/D,

and 5) p+ S/D

Description:

The structure is a standard Van Der Pauw. The active area of each device is

40um x 40um.

Testing:

The test procedure is a standard Van Der Pauw measurement. The sheet
resistance is then, SR = (V*pi)/(1*In2).

Pad Assignment:

PAD NUMBER | NAME FUNCTION

1 I+ Force Current Device 1
2 I- Force Current Device 1
3 I+ Force Current Device 2
4 I- Force Current Device 2
5 I+ Force Current Device 3
8 I- Force Current Device 3
7 I+ Force Current Device 4
8 I- Force Current Device 4
9 I+ Force Current Device 5
10 I- Force Current Device 5
11 V+ Sense Voltage Device 1
12 V- Sense Voltage Device 1
13 V+ Sense Voltage Device 2
14 V- Sense Voltage Device 2
15 V+ Sense Voltage Device 3
18 V- Sense Voltage Device 3
17 V+ Sense Voltage Device 4
18 V- Sense Voltage Device 4
19 V+ Sense Voltage Device 5
20 V- Sense Voltage Device 5

REV 0.0
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Sheet Resistance -2

Filename:
ecerlsr2

Furpose:
To measure the sheet resistivity of: 1) n+ S/D, 2) n+ in n-well, 3) p+ S/D, 4)
p+ in substrate, and 5) p+ in substrate.

Description:
The structure is a standard Van Der Pauw. The active area of each device is
40um x 40um.

Testing:
The test procedure is a standard Van Der Pauw measurement. The sheet
resistance is then, SR = (V*pi)/(1*In2).

Pad Assignment:

PAD NUMBER | NAME FUNCTION

1 I+ Force Current Device 1
2 I- Force Current Device 1
3 I+ Force Current Device 2
4 I- Force Current Device 2
5 I+ Force Current Device 3
8 I- Force Current Device 3
7 I+ Force Current Device 4
8 I1- Force Current Device 4
9 I+ Force Current Device 5
10 1- Force Current Device 5
11 V+ Sense Voltage Device 1
12 V- Sense Voltage Device 1
13 V+ Sense Voltage Device 2
14 V- Sense Voltage Device 2
15 V+ Sense Voltage Device 3
18 V- Sense Voltage Device 3
17 V+ Sense Voltage Device 4
18 V- Sense Voltage Device 4
19 V+ Sense Voltage Device 5
20 V- Sense Voltage Device 5
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Linewidth-1

¥Filename:
ec3rllwg

Purpose:

To measure the linewidth of poly with the following drawn widths: 1) 1.0 um
(10 lambda), 2) 1.3 um (13 lambda), and 3) 1.9 um (19 lambda).

The structure is a Cross Bridge. The bridge length is 160 um for each of the

three linewidth bridges. These bridges also function as Van Der Pauw structures
of drawn dimensions: 1) 1.0um x 1.0um, 2) 1.3um x 1.3um, and 3) 1.8um x 1.9um.

Testing:

The Van Der Pauw structures should be measured to obtain the sheet resis-
tance. The sheet resistance is then used with the data from the cross bridge to
calculate the linewidth. The linewidth is then, LW = length * sheet resistance *
Ibot/(Vbot - V-).

Pad Assignment:

PAD NUMBER | NAME FUNCTION

2 I+ Force Current Device 1
3 I- Force Current Device 1
4 Ibot Force Current Device 1
5] I+ Force Current Device 2
8 I- Force Current Device 2
7 Ibot .| Force Current Device 2
8 1+ Force Current Device 3
9 I- Force Current Device 3
10 Ibot Force Current Device 3
12 V- Sense Voltage Device 1
13 V+ Sense Voltage Device 1
14 Vbot | Sense Voltage Device 1
15 V- Sense Voltage Device 2
18 V+ Sense Voltage Device 2
17 Vbot | Sense Voltage Device 2
18 V- Sense Voltage Device 3
19 V+ Sense Voltage Device 3
20 Vbot Sense Voltage Device 3
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Linewidth-2

Filename:
ec4r0lwm

Furpose:

10

To measure the linewidth of poly with the following drawn widths: 1) 1.9 um
(19 lambda), 2) 2.8 um (26 lambda), and 3) 3.8 um (38 lambda).

Description:

The structure is a Cross Bridge. The bridge length is 180 um for each of the
three linewidth bridges. These bridges also function as Van Der Pauw structures
of drawn dimensions: 1) 1.8um x 1.9um, 2) 2.8um x 2.6um, and 3) 3.Bum x 3.8um.

Testing:

The Van Der Pauw structures should be measured to obtain the sheet resis-
tance. The sheet resistance is then used with the data from the cross bridge to
calculate the linewidth. The linewidth is then, LW = length * sheet resistance *

Ibot/{Vbot - V-).

Pad Assignment:

PAD NUMBER | NAME FUNCTION

2 1+ Force Current Device 1
3 I- Force Current Device 1
4 Ibot Force Current Device 1
5 1+ Force Current Device 2
6 I- Force Current Device 2
7 Tbot Force Current Device 2
8 I+ Force Current Device 3
9 I- Porce Current Device 3
10 Ibot Force Current Device 3
12 V- Sense Voltage Device 1
13 v+ Sense Voltage Device 1
14 Vbot | Sense Voltage Device 1
15 V- Sense Voltage Device 2
18 V+ Sense Voltage Device 2
17 Vbot | Sense Voltage Device 2
18 V- Sense Voltage Device 3
19 V+ Sense Voltage Device 3
20 Vbot Sense Voltage Device 3

REV 0.0
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Linewidth-3

Filename:
ec5r01wp

Purpose:

To measure the linewidth of poly with the following drawn widths: 1) 1.7 um
(17 lambda), 2) 2.3 um (23 lambda), and 3) 3.4 um (34 lambda).

Description:

The structure is a Cross Bridge. The bridge length is 180 um for each of the
three linewidth bridges. These bridges also function as Van Der Pauw structures
of drawn dimensions: 1) 1.7um x 1.7um, 2) 2.3um x 2.3um, and 3) 3.4um x 3.4um.

Testing:

The Van Der Pauw structures should be measured to obtain the sheet resis-
tance. The sheet resistance is then used with the data from the cross bridge to
calculate the linewidth. The linewidth is then, LW = length * sheet resistance *

Tbot/(Vbot - V-).

Pad Assignment:

PAD NUMBER | NAME FUNCTION

2 I+ Force Current Device 1
3 I- Force Current Device 1
4 Ibot Force Current Device 1
5 I+ Force Current Device 2
6 I- Force Current Device 2
7 Ibot Force Current Device 2
8 I+ Force Current Device 3
9 I- Force Current Device 3
10 Ibot Force Current Device 3
12 V- Sense Voltage Device 1
13 V+ Sense Voltage Device 1
14 Vbot | Sense Voltage Device 1
15 V- Sense Voltage Device 2
16 V+ Sense Voltage Device 2
17 Vbot | Sense Voltage Device 2
18 V- Sense Voltage Device 3
19 v+ Sense Voltage Device 3
20 Vbot | Sense Voltage Device 3

REV 0.0
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Iinewidth -4

Filename:
ecBr0lwn

Purpose:

To measure the linewidth of poly with the following drawn widths: 1) 1.7 um
(17 lambda), 2) 2.3 um (23 lambda), and 3) 3.4 um (34 lambda).

Description:

The structure is a Cross Bridge. The bridge length is 180 um for each of the
three linewidth bridges. These bridges also function as Van Der Pauw structures
of drawn dimensions: 1) 1.7um x 1.7um, 2) 2.3um x 2.3um, and 3) 3.4um x 3.4um.

Testing:

The Van Der Pauw structures should be measured to obtain the sheet resis-
tance. The sheet resistance is then used with the data from the cross bridge to
calculate the linewidth. The linewidth is then, LW = length * sheet resistance *

Tbot/(Vbot - V-).

Pad Assignment:
PAD NUMBER | NAME FUNCTION
2 I+ Force Current Device 1
3 I- Force Current Device 1
4 Ibot Force Current Device 1
5 I+ Forece Current Device 2
6 I- Force Current Device 2
7 Ibot Force Current Device 2
8 I+ Force Current Device 3
) 1- Force Current Device 3
10 Ibot Foree Current Device 3
12 V- Sense Voltage Device 1
13 v+ Sense Voltage Device 1
14 Vbot | Sense Voltage Device 1
15 V- Sense Voltage Device 2
18 V+ Sense Voltage Device 2
17 Vbot | Sense Voltage Device 2
18 V- Sense Voltage Device 3
19 V+ Sense Voltage Device 3
20 Vbot Sense Voltage Device 3

REV 0.0
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Linewidth -5

Filename:
ec’rOlw

Purpose:

To measure the linewidth of: 1) p-channel active region (in well), 2) n-well,

and 3) poly.

Description:

The structure is a Cross Bridge. The bridge length is 160 um for each of the
three linewidth bridges. These bridges also function as Van Der Pauw structures

of drawn dimensions of 4um x 4um each.

Testing:

The Van Der Pauw structures should be measured to obtain the sheet resis-
tance. The sheet resistance is then used with the data from the cross bridge to
calculate the linewidth. The linewidth is then, LW = length * sheet resistance *

Tbot/(Vbot - V-).

FUNCTION

Pad Assignment:
PAD NUMBER | NAME
2 I+
3 I-
4 Ibot
5 I+
8 1-
7 Ibot
B8 I+
9 I-
10 Ibot
12 V-
13 V+
14 Vbot
15 V-
16 V+
17 Vbot
18 V-
19 V+
20 Vbot

Force Current Device 1
Force Current Device 1
Force Current Device 1
Force Current Device 2
Force Current Device 2
Force Current Device 2
Force Current Device 3
Force Current Device 3
Force Current Device 3
Sense Voltage Device 1
Sense Voltage Device 1
Sense Voltage Device 1
Sense Voltage Device 2
Sense Voltage Device 2
Sense Voltage Device 2
Sense Voltage Device 3
Sense Voltage Device 3
Sense Voltage Device 3

REV 0.0
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Contact Resistance
¥ilename:
ecBrOchain
FPurpose:

To measure: 1) the contact resistance between metal and poly (left), and 2)
the contact resistance between metal and diffusion (right) and to monitor the
contact yield.

Description:
The structure is a chain of 2um x 2um contacts, The poly and diffusion seg-
ments are 12um x 4um and the metal segments are 12um x Sum.

Testing:

The test procedure is a simple resistance measurement. The resistance
measured is made up of three components. The resistance of the poly or
diffusion can be calculated from the sheet resistance and the dimensions of the
segments. The resistance of the metal can be calculated in the same way. The
total resistance is then the sum of the resistance due to poly or diffusion seg-
ments plus the resistance due to metal segments plus the resistance due to the
contacts. The unknown contact resistance can then be determined from the test
data and the sheet resistances of the poly, diffusion, and metal.

REV 0.0 Spring 1984
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Pad Assignment:
PAD NUMBER | NAME FUNCTION
1 1+20 Poly Contact Chain Tap
2 2%20 Poly Contact Chain Tap
3 28*20 | Poly Contact Chain Tap
4 38+*20 | Poly Contact Chain Tap
5 50*20 | Poly Contact Chain Tap
8 58*20 | Poly Contact Chain Tap
7 70*20 | Poly Contact Chain Tap
8 82*20 | Poly Contact Chain Tap
9 108*20 | Poly Contact Chain Tap
10 108*20 | Poly Contact Chain Tap
11 1*20 Diflusion Contact Chain Tap
12 2*20 Diffusion Contact Chain Tap
13 26*20 | Diffusion Contact Chain Tap
14 38%*20 | Diffusion Contact Chain Tap
15 50*20 | Diffusion Contact Chain Tap
18 58*20 | Diffusion Contact Chain Tap
17 70*20 | Diffusion Contact Chain Tap
18 82*20 | Diffusion Contact Chain Tap
19 106*20 | Diffusion Contact Chain Tap
20 108*20 | Diflusion Contact Chain Ta
REV 0.0

Spring 1984
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Electrical Alignment-1

Filename:
eclirOeapoly

Purpose:
To measure the electrical alignment between: 1) contact to poly (vertical),

2) contact to poly (horizontal), 3) metal to poly (vertical), and 4) metal to poly
(horizontal).

Description:
This is simply a potential divider. The resistor width is 24um. The taps to V+
and V- are 60um apart and the taps for V+ and Vref are 120um apart.

Testing:

To test the structure let current flow through I+ and I-, if tap to V+, and V-
voltages are egqual then the alignment is perfect. The misalignment is then, M =
W*(voltage difference)/(2*Rs*]). Where W is the width, Rs the sheet resistance,
and ] is the current. The voltage difference is (V+ -Vtap) - (V- - Vtap).

Pad Assignment.:

PAD NUMBER | NAME FUNCTION

1 Vref Sense Voltage Device 1
2 v+ Sense Voltage Device 1
3 V- Sense Voltage Device 1
4 I+ Force Current Device 2
5 V+ Sense Voltage Device 2
6 Vref | Sense Voltage Device 3
7 V+ Sense Voltage Device 3
8 V- Sense Voltage Device 3
9 I+ Force Current Device 4
10 V4 Sense Voltage Device 4
11 I+ Force Current Device 1
12 Tap Sense Voltage Device 1
13 I- Force Current Device 1 & 2
14 V- Sense Voltage Device 2
15 Tap Sense Voltage Device 2
18 I+ Force Current Device 3
17 Tap Sense Voltage Device 3
18 I- Force Current Device 3 & 4
19 V- Sense Voltage Device 4
20 Tap Sense Voltage Device 4

REV 0.0 Spring 1984
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Electrical Alignment -2

Filename:
ecl2rleadifl

Purpose:

To measure the electrical alignment between: 1) contact to diff (vertical),
2) contact to diff (horizontal), 3) metal to diff (vertical), and 4) metal to diff
(borizontal).

Description:
This is simply a potential divider. The resistor width is 24um. The taps to V+
and V- are 80um apart and the taps for V+ and Vref are 120um apart.

Testing:

To test the structure let current flow through I+ and I-, if tap to V+, and V-
voltages are equal then the alignment is perfect. The misalignment is then, M =
We(voltage difference)/(2*Rs*l). Where W is the width, Rs the sheet resistance,
and 1 is the current. The voltage difference is (V+ -Vtap) - (V- - Vtap).

Pad Assignment:

PAD NUMBER | NAME FUNCTION

1 Vref | Sense Voltage Device 1
2 V+ Sense Voltage Device 1
3 V- Sense Voltage Device 1
4 1+ Force Current Device 2
5 V+ Sense Voltage Device 2
6 Vref Sense Voltage Device 3
7 v+ Sense Voltage Device 3
8 V- Sense Voltage Device 3
9 I+ Force Current Device 4
10 V+ Sense Voltage Device 4
11 1+ Force Current Device 1
12 Tap Sense Voltage Device 1
13 I- Force Current Device 1 & 2
14 V- Sense Voltage Device 2
15 Tap Sense Voltage Device 2
18 1+ Force Current Device 3
17 Tep Sense Voltage Device 3
18 I- Force Current Device 3 & 4
19 V- Sense Voltage Device 4
20 Tap Sense Voltage Device 4
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Capacitors-1

Filename:
eclricapl

Purpose:
To measure the following capacitances:
1} C-gate &PMOS: poly-well) 2) C-gate (NMOS; poly-substrate)
3) C-thick (metal-substrate) 4) C-glass (metal-poly)
5) C-n+S/D (area) 8) C-p+S/D (area) 7) C-field Spoly—well)
8) C-thick (metal-well) 9) C-field (poly-substrate

Description:
This block contains 9 different capacitors as described above. The dimen-
sions of these capacitors will be given with the pad assignment.

Testing:
Capacitance Measurement. C=eox/tox
Pad Assignment:
PAD # | DEVICE # FUNCTION
1 1+ Well Top plate L=300um W=1600um
2 1- Poly Bottom plate
3 2- Substrate Bottomn plate L=310um W=1610um
4 2+ Poly Top plate
5 3 Substrate Bottom plate L=310um W=1810um
8 3+ Metal Top plate
7 4 Poly Plate L=300um W=1600um
8 4 Metal Plate
9 5- Substrate Bottom plate L=300um W=1600um
10 5+ Top plate
11 6+ Well Top plate L=555um W=1540um
12 8- Bottom plate
15 T+ Well Top plate L=240 W=1540um
16 7- Poly Bottom plate
17 8+ Well Top plate L=25Cum W=1550um
18 8- Metal Bottom plate
19 9- Substrate Bottom plate L=240um W=1540um
20 o+ Poly Top plate

REV 0.0 Spring 1984
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Capacitors-2

Filename:
eclirlcap2

Purpose:
To measure the following capacitances:
lg C-fringe (poly-p+) 2) C-fringe (poly-n+)
3) C-fringe (metal-substrate) 4) C-p+junc (edge-effect)
5) C-n+junc {edge eflect) 8) C-gate (PMOS: C-V)
7) C-gate (NMOS: C-V)

Description:
This block contains 7 different capacitors of regular and comb-shape.

Testing:
Capacitance Measurement
1;&(2) C-fringe=(Cmeasured - Cgate*L*W)/(2L)

C-fringe=(Cmeasured - Cthick*L*W)/(2L)
4)&(5) C-edge=(Cmeasured - Carea*L*W)/(2L)

(All of these capacitances are per unit length)

Pad Assignment:
PAD # | DEVICE# FUNCTION
1 1- P+ Bottom plate L=5680um W=3um
11 1+ Poly Top plate
2 2+ N+ Top plate L=5680um W=3um
12 2- Poly Bottom plate
3 3- Substrate Bottom plate L=4540um W=5um
13 3+ Metal Top plate
4 4+ Well Top plate L=5885um W=5um
14 4- P+ Bottom Plate
5 5 Substrate Bottom plate L=5885um W=5um
15 5+ N+ Top plate
8 6+ Well Top plate L=300um W=310um
18 6- Poly Bottom plate
7 7- Substrate Bottom plate L=300 W=310um
17 7+ Poly Top plate

REV 0.0 Spring 1984
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Capacitors-3

Filename:
ec9rlcap3

Purpose:
To measure the following capacitances:

1) C-fringe (poly-well)
2) C-fringe (poly-substrate)
3) C-fringe (metal-n+)
4) C-fringe ?netal-p+)
5) C-fringe (metal-well)
8) C-field (poly-well)
7) C-field (poly-substrate)

This block contains 7 different capacitors of regular and comb-shape. Capa-

citors 1, 2, 6, and 7 are over field oxide while capacitors 3, 4, and 5 are over p-
glass.

Testing:

Capacitance Measurement

?)&22) C-fringe=(Cmeasured - Carea*L*W)/(2L)

3)&(4)&(5) C-fringe=(Cmeasured - Cthick*L*W)/(2L)
Pad Assignment:
PAD # | DEVICE# FUNCTION
1 1- P+ Bottom plate L=5680um W=3um
11 1+ Poly Top plate
2 2+ N+ Top plate L=5680um W=3um
12 2- Poly Bottom plate
3 3 Substrate Bottom plate 1=4540um W=5um
13 3+ Metal Top plate
4 4+ Well Top plate L=5885um W=5um
14 4- P+ Bottom Plate
5 5- Substrate Bottom plate L=5885um W=5um
15 5+ N+ Top plate
8 6+ Well Top plate L=300um W=310um
18 6- Poly Bottom plate
7 7- Substrate Bottom plate 1L=300 W=310um
17 T+ Poly Top plate

REV 0.0 Spring 1984
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Ring Oscillator

Filename:
ecOr2ring

Purpose:
To measure speed of 19 stages of CMOS ring oscillator.

Pescription:
The structure is a 19 stage ring oscillator. {channel length 2.5um)

Testing:
CMOS ring oscillator: Apply 5v to pads 14, ground pad 12, ring oscillator
output can be measured at pad 11.

Buffer Speed: A buffer pair is provided to measure speed and attempt to
latchup. Power is applied at pad 14, ground to pad 12. Input on pad 15 and meas-
ure prop delay to pad 18.

Pad Assignment:
PAD NUMBER | NAME FUNCTION
11 RO Ring Osc. Output
12 GND Ground
14 V+ Power
17 BI Buffer Input
18 BO Buffer OQutput

REV 0.0 Spring 1984



Berkeley CMOS Process Manual

CMOS Latch Up-1

Filename:
ec2r2latchA

Purpose:
To test latch-up of inverters without guardband at 2.5um length.

Description: . .
This block is made up of four CMOS inverters in which the P and N channel
transistors are connected in different ways.

The first device is set up such that the drain and source leads can be
swepped for latch-up measurements in the four possible combinations.

The second device is the same as the first except that the drains are per-
manently connected.

The third device is the same as the second device except that the metal
connections for inverter operation are present.

The fourth device is the same as the third device except that the positions
of the source and drain are reversed on both transistors.

The width and length of all devices is 100um and 4um respectively. The dis-
tance from device to well is 4um.

Testing:

Latch-up can be accomplished by 1) raising N-well to P substrate voltage
until avalanche-induced latch-up occurs, or 2) ralsmg the drain above or below
the supply-ground voltages.

REV 0.0 Spring 1984
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Berkeley CMOS Process Manual

Pad Assignment
PAD NUMBER | NAME FUNCTION
1 N-drn NMOS drain Device 1
2 P-dm PMOS drain Device 1
3 P-src PMOS source Device 1
4 Sub Substrate Device 1 &2
5 Nwl N-well Device 2
8 o/P O/P Device 2
7 SubSrc | Source and Substrate of Device 3
B8 NwiSrc | N-well and PMOS source of Device 3
9 SubSre | Source and Substrate of Device 4
10 o/P 0/P Device 4
11 N-src NMOS source Device 1
12 Nwl N-well Device 1
13 Gate Gate Device 1
14 Gate Gate Device 2
15 P-srec PMOS source Device 2
18 N-src NMOS source Device 2
17 Gate Gate Device 3
18 o/pP 0/P Device 3
19 NwiSrc | N-well and PMOS source of Device 4
20 1/P 1/P Device 4
REV 0.0

Spring 1984
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Berkeley CMOS Process Manual

CMOS Latch Up-2

Filename:
eclr2latchA

Purpose:
To test latch-up of inverters without guardband at 2.5urmn length.

Description:
This block is made up of four CMOS inverters in which the P and N channel
transistors are connected in different ways.

The first device is set up such that the drain and source leads can be
swapped for latch-up measurements in the four possible combinations.

The second device is the same as the first except that the drains are per-
manently connected.

The third device is the same as the second device except that the metal
connections for inverter operation are present.

The fourth device is the same as the third device except that the positions
of the source and drain are reversed on both transistors.

The width and length of all devices is 100um and 4um respectively. The dis-
tance from device to well is 4um. '

Testing:

Latch-up can be accomplished by 1) raising N-well to P substrate voltage
until avalanche-induced latch-up occurs, or 2) raising the drain above or below
the supply-ground voltages.

REV 0.0 Spring 1984

24



REV 0.0

Berkeley CMOS Process Manual

Pad Assignment:
PAD NUMBER | NAME FUNCTION
1 N-sre NMOS source Device 1
2 Nwl N-well Device 1
3 Gate Gate Device 1
4 0o/P Output Device 2
5 P-src PMOS source Device 2
8 N-src NMOS source Device 2
7. Gate Gate Device 3
2] o/P Output Device 3
9 NwiSre | N-well and PMOS source of Device 4
10 1/P Input Device 4
11 N-drm NMOS drain Device 1
12 P-drn PMOS drain Device 1
13 P-src PMOS source Device 1
14 Sub Substrate Device 1 & 2
15 Nwl N-well Device 2
18 Gate Gate Device 2
17 SubSrc | Source and Substrate of Device 3
18 NwiSrc | N-well and PMOS source of Device 3
19 SubSrc | Source and Substrate of Device 4
20 0/P Output Device 4

Spring 1984
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CMOS Latch Up-3

Filename:
ec5r2latchB

Purpose:
To test latch-up of inverters without guardband at 2.5um length.

Description:
This block is made up of four CMOS inverters in which the P and N channel
transistors are connected in different ways.

The first device is set up such that the drain and source leads can be
swapped for latch-up measurements in the four possible combinations.

The second device is the same as the first except that the drains are per-
manently connected.

The third device is the same as the second device except that the metal
connections for inverter operation are present.

The fourth device is the same as the third device except that the positions
of the source and drain are reversed on both transistors.

The width and length of all devices is 100um and 4um respectively. The dis-
tance from device to well is Bum.

Testing:

Latch-up can be accomplished by 1) raising N-well to P substrate voltage
until avalanche-induced latch-up occurs, or 2) raising the drain above or below
the supply-ground voltages.

REV 0.0 Spring 1984
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Pad Assignment:
PAD NUMBER | NAME FUNCTION
1 N-dm NMOS drain Device 1
2 P-drn PMOS drain Device 1
3 P-src PMOS source Device 1
4 Sudb Substrate Device 1 & 2
B Nwl N-well Device 2
8 o/pP Output Device 2
w7 SubSrc | Source and Substrate of Device 3
B NwiSrc | N-well and PMOS source of Device 3
9 SubSrc | Source and Substrate of Device 4
10 o/P Output Device 4
11 N-sre NMOS source Device 1
12 Nwl N-well Device 1
13 Gate Gate Device 1
14 Gate Gate Device 2
15 P-src PMOS source Device 2
16 N-src NMOS source Device 2
17 Gate Gate Device 3
18 o/P Output Device 3
19 NwiSrc | N-well and PMOS source of Device 4
20 1/P Input Device 4
REV 0.0

Spring 1984
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CMOS Latch Up-4

Filename:
ecSr2latchB

Purpose:
To test latch-up of inverters without guardband at 2.5um length.

Description:
This block is made up of four CMOS inverters in which the P and N channel
transistors are connected in different ways.

The first device is set up such that the drain and source leads can be
swapped for latch-up measurements in the four possible combinations.

The second device is the same as the first except that the drains are per-
manently connected.

The third device is the same as the second device except that the metal
connections for inverter operation are present.

The fourth device is the same as the third device except that the positions
of the source and drain are reversed on both transistors.

The width and length of all devices is 100um and 4um respectively. The dis-
tance from device to well is Bum.

Testing:
Latch-up can be accomplished by 1) raising N-well to P substrate voltage

until avalanche-induced latch-up occurs, or 2) raising the drain above or below
the supply-ground voltages.

REV 0.0 Spring 1984
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Pad Assignment:
PAD NUMBER | NAME FUNCTION
1 N-src NMOS source Device 1
2 Nwl N-well Device 1
3 Gate Gate Device 1
4 o/P Output Device 2
5 P-sre PMOS source Device 2
6 N-srec NMOS source Device 2
? Gate Gate Device 3
8 o/P Output Device 3
9 NwiSrc | N-well and PMOS source of Device 4
10 1/P Input Device 4
11 N-drn NMOS drain Device 1
12 P-drn PMOS drain Device 1
13 P-src PMOS source Device 1
14 Sub Substrate Device 1 & 2
15 Nwl N-well Device 2
16 Gate Gate Device 2
17 SubSrc | Source and Substrate of Device 3
18 NwiSrc | N-well and PMOS source of Device 3
19 SubSrc | Source and Substrate of Device 4
20 0/P Output Device 4
REV 0.0

Spring 1984

29



Berkeley CMOS Process Manual

CMOS Inverter

Filename:
ecBr2punch

Purpose:

To determine Punch-through characteristics.

Pescription:
B various inverters.

Testing:

Apply a High voltage to the input. Then all the voltage drop is across the
PMOS device. Punch-through can be detected by monitoring the current. Simi-
larily, apply a Low voltage to the input. Then all the voltage drop is across the
NMOS device. Punch-through occurs if the output voltage drops suddenly.

Pad Assignment:

NMOS | PMOS PAD NUMBER
L/W L/W | IN| OUT | VDD | GND
2/4 4/ 2 1 12 11 10
4/8 8/4 2 i3 3 10
3/8 8/3 4 15 14 10

25/5 | 5/25| 5| 18 8 10.

1.5/3 | 3/15 | 7 18 17 10
1/2 2/1 8 19 20 10

REV 0.0 Spring 1984
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CBINTRN2X4.k
BTODIFFCON.k BTOPOLYCON.k

CB1NTRN3X1P5.k
BTODIFFCON.k BTOPOLYCON.k
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CB1NTRN3X86.k
BTODIFFCON.k BTOPOLYCON.k

CB1NTRN4X2P.k
BTODIFFCON.k BTOPOLYCON.k

CBINTRN4X8.k
BTODIFFCON.k BTOPOLYCON.k

CBINTRN5XZP5.k
BTODIFFCON.k BTOPOLYCON.k

CBINTRNEX3P.k

BTODIFFCON.k BTOPOLYCON.k

CBINTRNB8X4P.k
BTODIFFCON.k BTOPOLYCON.k

CB2INVCONP.k
BTODIFFCON.k

CB3VDFPPP.k
BTODIFFCON.k

CC3RING.k

CC3RINGS.k
CC3RING.k

CONCUT8X8.k
CSSCONAR.k

CSCUT2P58.k CSCUT2S.k CSCUT3S.k CSCUT4S.k

CSCUT2.k
CSCUT2PS5.k

CSCUT2PSS.k
CSCUT2PS.k

CSCUT2S.k
CSCUT2.k

CSCUT3.k

CSCUT3S.k
CSCUT3.k

CSCUT4.k

CSCUT4S.k
CSCUT4.k
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D48.k

DWNINPAD.k
CONCUT6X6.k DWNTRUPAD.k

DWNOUTPAD.k
CONCUT6X8.k DWNTRUPAD.k

DWNPIMPAD.k
CONCUTSX6.k

DWNTRUPAD .k

FRAMES.k
63.k

FRAME7.k
57.k

GBINVERT4.k
NPLUSCON.k NTRANSA4.k PPLUSCON.k PTRANSA4.k

GBINVERTS.k
NPLUSCON.k NTRANSA4.k PPLUSCON.k PTRANSA4.k

INVERT4.k
NPLUSCON.k NTRANSA4.k PPLUSCON.k PTRANSA4.k

INVERTSB.k
NPLUSCON.k NTRANSA4.k PPLUSCON.k PTRANSA4.k

M48.k
N72.k

NPLUSCON.k
CONCUT8X8.k

NTRANSA4.k
CONCUT6X6.k

NTRANSB4.k
CONCUT8X8.k

P48.k
P72.k
PAD .k

PADSET.k
PAD.k

PGBINVERT4.k
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NPLUSCON.k NTRANSB4.k PPLUSCON.k PTRANSB4.k

PGBINVERTS.k
NPLUSCON.kx NTRANSB4.k PPLUSCON.k PTRANSB4.k

PINVERT4.k
NPLUSCON.k NTRANSB4.k PPLUSCON.k PTRANSB4.k

PINVERTS.k
NPLUSCON.k NTRANSB4.k PPLUSCON.k PTRANSB4.k

PPLUSCON.k
CONCUT6X6.k

PTRANSA4.k
CONCUTSEX6.k

PTRANSB4.k
CONCUTEX86.k

SB2CAPDIFPLY.k
SBPOLYCONT.k

ecOrOrcon.k
BTODIFFCON.k BTOPOLYCON.k D48.k
M48.k P48.k PADSET.k

ecOricapl.k
BTOPOLYCON.k PADSET.k SB2CAPDIFPLY.k
SBPOLYCONT.k sb2capmp.k sb2cappol.k
sbmetsub.k

ecOr2ring.k
CC3RINGS.k CONCUTSX8.k DWNINPAD.k
DWNOUTPAD.k DWNPJMPAD.k PAD.k

eclirCeapoly.k
PADSET.k

eclirlcapR.k
PAD.k

ecl12rleadifl.k
PADSET.k

eclrOsrl.k
BTOPOLYCON.k CB3VDPPP.k N72.k
P72k PADSET.k

ec2risr2.k
CB3VDPPP.k N72.k P72k PADSET.k

ec2rllatchAk
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CONCUTSBX6.k GBINVERT4.k INVERT4.k
PAD.k PGBINVERT4.k PINVERT4.k

ec3rllwg.k
BTOPOLYCON.k PADSET.k

ec4rllwm.k
PADSET.k

ecSr0lwp.k
BTODIFFCON.k PADSET.k

ecSr2latchB.k
CONCUT8X8.k GBINVERTB.k INVERTB.k
PAD.k PGBINVERTS8.k PINVERT8.k

ecBrOlwn.k
BTODIFFCON.k
PADSET.k

ec7r0lw.k
BTODIFFCON.k
PADSET.k

ecBrOchain.k
54.k
80.k PADSET.k

ecBr2punch.k
272.k 372k 472k 572k 672k B872.k
CBINTRN1P5X3.k CB1INTRN1X2.k CBINTRN2P5X5.k
CBINTRN2X1P.k CBINTRN2X4.k CBINTRN3X1P5.k
CBINTRN3X6.k CBINTRN4X2P.k CBINTRN4X8.k
CBINTRNSX2P5.k CBINTRN6X3P.k CBINTRNBX4P.k
CB2INVCONP.k PADSET.k

ec9r2cap3.k
PAD.k

esubchip.k
ecOr0rcon.k ecOricapl.k ecOr2ring.k
eclirOeapoly.k eclirlcap2.k ec12rOeadiff.k
ecirOsri1.k ec2rOsr2.k ec2rllatchAk
ec3r0lwg.k ec4rOlwm.k ecSrOlwp.k
ec5r2latchB.k ecBrOlwn.k ec7rOlw.k
ecBrOchaink ecBr2punch.k ecSr2cap3.k

sb2capmp.k
sb2cappol.k
sbmetsub.k
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EE290 TEST CHIP ORGANIZATION

The EE250 testcchip is made up of 7 Test Patterns plus a separate section
For alignment maris. The 7 Test Patterns are: Device, Device Drop-in, Process,
Process Drop-in, Shortloop, Yield, end Analog. Each test pattern consists of a
wollection of functional units. A functional unit is made up of several blocks
wwhich together accomplish a specific goal. These blocks are 320um x 1800um.
FEach block may:contain a 2 x 10 array of B0um pads on 160um centers. A dlock
mdoesmot always contain all 20 pads since some test structures require a large
mrea, however the pads which are present will remain on the 180um grid. The
-pad numbering convention is shown below. Pad #1 contains a small notch in it to
‘help distinguish top from bottom when viewing the chip through a microscope.
“The entire EE290 chip is a 8 row, 830 column array of blocks.

VDTN, W=
[
()]

8

The testing of the devices can be accomplished with a 2 x 5 probe card.
"Some of the test patterns rnust be tested with a 2 x 10 probe card due to uncon-
ventional pad assignments and the inability to constrain the test structure to a
2 x 5 sub-block.
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BERKELEY CMOS PROCESS TEST CHIP
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DISCUSSION
Process Drop-In Test Pattern

The process drop-in test chip (chip “a") consists of six 2 x 10 blocks. As the
name suggests, the chip is intended to be "dropped in,” or rather included, on
every CMOS mask set to be processed in the electronics research laboratory.
The benefits to such a test chip are three-fold. First, one can guickly determine
many processing and electrical characteristics of a given lot because the test
structures can be probed automatically. Secondly, due to the automatic testing
capabilities, statistical sampling of various parameters both cross-wafer and
cross-lot can be performed. Finally, and perhaps most importantly, a data base
from which the quality of laboratory processing can be monitored constantly.

The process drop-in test structures and their purposes are:

Cross Bridge
Structures for:
*sSheet Resistance
& Line Width Bias
Measurement for:
**polysilicon
#*p source/drain
*sn source/drain
Metal Meanders for:
**Sheet Res. &
Linewidth Bias

Meas. of metal

Contact Chains for:
**Quick-check
on continuity for:

**metal to poly
contacts

**metal to p-type
source/drain

*smetal to n-type
source/drain

Resistor Voltage
Dividers for:
*sElec. Alignment
Measurement for:
**metal to contact
**contact to poly
sscontact to active
**poly to active

Metal Comb Structure
over poly/diffusion
lines for:
w*detecting metal
short circuits

Cepacitors for:
**C.-V and C-t
measurements
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The capaocitors include:
(a) poly/gate oxide/n-channel (p substrate)
(b) poly/gate oxide/p-channel (n well)
(c) poly/field oxide/n-channel
(d) metal/overglass-polyoxide /poly

All pad assignments except for the capacitor pads conform to the standard
2 x 5 pad assignment. The name and pad location of all the pads used appear in
the detailed functional descriptions section in the Pad Configuration table. The
capacitor probe pads are in pairs with the pad closest to each capacitor

corresponding to the top electrode. Detailed documentation for each of the test
structures is included in this report.

REV 0.0 Spring 1984
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SUMMARY TABLE
Process Drop-In Test Pattern
Filenarne Coordinates within
Structure Purpose 290n Test Func.
Sz- _ chip Pat.  Unit
aclr2PACT VD Pauw & Sheet R,
Resistor Line Width, cir2 c¢i1r2 cir2
1/2 (P-Src/Drn)
aclrINACT VD Pauw & Sheet R,
Resistor Line Width, cirl cirl cirl
1/2 {N-Src/Drn)
acOr2METL, Comb Metal c0r2 cOr2 cOr2
1/2 Shorts
acOr1POLY VD Pauw & Sheet R,
Resistor Line Width, cOrl cOrl cOrl
1/2 (Poly)
acOr2METL  Meander Sheet R,
Resistor Line Width, <¢0r2 <c0r2 c0r2
1/2 (Metal)
aclriNACT  Voltage Align
1/2 Divider Poly>Actv clrl cirl ecirl
aclr2PACT  Voltage Align
1/2 Divider Cont>Actv cir2 cir2 cir2
acOriPOLY Voltage Align
1/2 Divider Cont>Poly cOrl cOrl cOrl
acOr2METL  Voltage ign
1/2 Divider Metal>Actv  cOr2 cOr2 cOr2
acOr0CAP Visuals Process
3/5 Monitors ¢0r0 cOr0 c¢i1r0
acOrOCAP Capacitors Vfb, Vt
Al/BP-PolyOx/Poly Vbd, Nsub, ¢Or0 cOr0 cir0
Poly/Field/N-Well  Nss, Nit, eOr0 cOr0 cir0
Poly/Gate/P-Chanl Tox cOr0 ¢cO0r0 cir0
2 Poly/Gate/N-Chanl eOr0 cOr0 cir0
acOr1POLY Contact chain Contact
2 pads (Poly) Reliability cOrl cOrl cOrl
aclriNACTI Contact chain Contact
2 pads {N-active) Reliability cirl cirl ciril
acir2PACTV Contact chain Contact
2 pads (P-active) Reliability cir2 cir2 cir2
REV 0.0 Spring 1984
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FUNCTIONAL DESCRIPTION
Process Drop-in Test Pattern

Resistor Voltage Divider: Metl to Cont

¥Filename:
acOr2METL (top 1/2)

Purpose:

Electrical Alignment Measurement

Description:

Two resistor voltage dividers, one for vertical alignment, one for horizontal
alignment. Force current though resistors, horizontal alignment is perfect when
woltage VIX is exactly half way between voltage V1 and V2, vertical alignment is
perfect when voltage VTY is exactly half way between voltage V2 and V3.

Testing:

Two algorithms are possible. The best one is presently unknown. Both algo-
rithms measure the difference in voltage between the two legs of a voltage
divider.

Let,

Vn = the voltage across either leg when the
alignment is perfect.

dV = the change in a legs voltage due to
a misalignment.

Then, for the horizontal divider,

V1-VIX=Vn + dVv
~ VIX-V2 =Vn -dVv

and so,
dv = (1/2) * ((V1-VTX)-(VTX-V2))
The difference between the two algorithms is in how to compute the dX
micron misalignment given the measured dV.
Note that,

(VI-VIX) =1+ ERs/w * (Lo + dL))
(VTX-v2) =1 * (Rs/w * (Lo - dL))

REV 0.0 Spring 1984
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s0 that,
dL= (w/Rsl) *aV EQUATION 1

where Rs = Sheet resistance of poly
w = resistor width
1 = forced current
Lo= eflective resistor length of
either resistor leg when

alignment is perfect.

However,

Vn= (Rslo/w) *1 and so (w/Rsl)=Lo/Vn
so that,

dL=(Lo/Vn)*dV  EQUATION 2

The test procedure is as follows:

1. Force current I+ = about 10 mA

2. Measure 4V as described above.

3. Derive the ratio Rs/w from a separate test
of the poly cross-bridge structure located
in acOr1POLY. Note that the nominal width
of the poly resistor in acOr1POLY is
20 umn; the nominal width of the poly
resistor in acOr2METL is 15 um.

4. Knowing dV, Rs/w, and 1, compute dX.

OR,

1. Force current 1+ = about 10 mA.
2. Measure dV as described above.
3. Measure Vn.
Vn = (V1-V2)/2 for horizontal.
Vn = (V2-V3)/2 for vertical
4. Knowing Lo, Vn, and dV, compute dX.
Lo=65uM

The advantage of using equation 1 is that nothing is assumed: 1 and Rs/w
are both measured. However, this may also be a disadvantage because it leads to
more statistical error, especially since Rs/w is obtained from a different struc-

ture.

The advantage of using equation 2 is that the computation is entirely
geometric and thus the exact value of Rs/w or 1 is not necessary. On the other
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hand, the value of Lo is not know exactly because the "ends" of the resistor is
not clearly defined. However any error is Lo is fixed and preseut only a scaling
factor error. Furthermore, the Lo can be calibrated later by comparing electri-
cal results with visual alignment structures such as verniers.

Mathematically, the two equations are identical; one can be derived from
the other. The only difference is where the parameters are obtained.

Finally, due to unknown non-linearities and parasitic resistances, the calcu-
lated dX using either of the two procedures above may vary with the forcing
current.

The accuracy of the dX measurement is better at higher test currents; how-
ever, too high of a current will alter the sheet resistivity (Eg. 2 is less sensitive
to this effect since Rs is taken at that current) and eventually darmage the struc-
ture. To optimize results, the test should be run at several different currents on
the first few structures measured. The highest current which gives a consistent
value of dX (per chip, not a consistent value of dX overall) should then be used of
the remaining chips in the lot.

The structure is designed to resolve 0.1 uM misalignment. For the contact
to poly structure at 1 = 10 mA, a .1 uM misalignment corresponds to dV = 1.87
mV centered of 2.16 volts.

Pad Assignment:

PAD NUMBER | NAME | FUNCTION |
2 G Ground

4 G Ground

5 V3 Measure V
11 I+ Force ]

12 : VR Measure V
13 VIX Measure V
14 VTY Measure V
15 Vi Measure V
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Resistor Voltage Divider

¥Filename:
ac0r1POLY.cif (top 1/2)

Purpose:
Electrical Alignment Measurement

Two resistor voltage dividers, one for vertical alignment, one for horizontal
alignment. Force current though resistors, horizontal alignment is perfect when
voltage VIX is exactly half way between voltage V1 and V2, vertical alignment is
perfect when voltage VTY is exactly half way between voltage V2 and V3.

Testing:

Two algorithms are possible. The best one is presently unknown. Both algo-
rithms measure the difference in voltage between the two legs of a voltage
divider.

let Vn = the voltage across either leg when the
alignment is perfect.

dV = the change in a legs voltage due to
a misalignment.

Then, for the horizontal divider,

Vi-VIX=Vn + 4V
VIX-V2=Vn -4V

and so,
av = (1/2) * ((V1-VTX)-(VTX-V2))

The difference between the two algorithms is in how to compute the dX
micron misalignment given the measured dV.

Note that,

(Vi-VIX) =1+ éRs/w * (Lo + dL))
(VTX-V2) =1* (Rs/w * (Lo - dL))

so that,
dL = (w/Rsl) *dV EQUATION 1
where Rs = Sheet resistance of poly

w = resistor width
1 = forced current
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Lo = eflective resistor length of
either resistor leg when
alignment is perfect.

However,

Vn= (Rslo/w)*1 andso (w/Rsl)=1o/Vn
so that,

dL= (Lo/Vn) * 4V EQUATION 2

The test procedure is as follows:

1. Force current I+ = about 10 mA

2. Measure dV as described above.

3. Obtain the ratio Rs/w from a separate test
of the cross-bridge structure located in
the same block.

4. Knowing dV, Rs/w, and ], compute dX.

OR,

1. Force current I+ = about 10 mA.
2. Measure dV as described above.
3. Measure Vn.
Vn = (Vi-V2)/2 for horizontal.
Vn = {V2-V3)/2 for vertical.
4. Xnowing Lo, Vn, and dV, compute dX.
=~70 uM

The advantage to using equation 1 is that nothing is assumed: I and Rs/w
are both measured. However, this may also be a disadvantage because it leads to
more statistical error, especially since Rs/w is obtained from a different struc-
ture.

The advantage to using equation 2 is that the computation is solely
geometric and thus the exact value of Rs/w or 1 is not necessary. On the other
hand, the value of Lo is not know exactly because the “ends” of the resistor is
not clearly defined. However any error is Lo is fixed and present only a scaling
factor error. Furthermore, the Lo can be calibrated later by comparing electri-
cal results with visual alignment structures such as verniers.

Mathematically, the two equations are identical; one can be derived from
the other. The only difference is where the parameters are obtained.

Finelly, due to unknown non-linearities and parasitic resistances, the calcu-
lated dX using either of the two procedures above may vary with the forcing
current.

The accuracy of the dX measurement is better at higher test currents; how-
ever, too high of a current will alter the sheet resistivity (Eq. 2 is less sensitive
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to this effect since Rs is taken at that current) and eventually damage the struc-
ture. To optimize results, the test should be run at several different currents on
the first few structures measured. The highest current which gives a consistent
value of dX (per chip, not a consistent value of dX overall) should then be used of

the remaining chips in the lot.

The structure is designed to resolve 0.1 uM misalignment. For the contact
1o poly structure at 1= 10 mA, a .1 uM misalignment corresponds to dV = 1.25

mV centered of 1.775 volts.

Pad Assignment:
PAD NUMBER { NAME | FUNCTION
2 G Ground
4 G Ground
5 V3 Measure V
11 I+ Forcel
12 V2 Measure V
13 VTX Measure V
14 vTY Measure V
15 Vi Measure V

REV 0.0
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Resistor Voltage Divider

Filename:
acliriNACTV (top 1/2)

Purpose:

Electrical Alignment Measurement

Two resistor voltage dividers, one for vertical alignment, one for horizontal
alignment. Force current though resistors, horizontal alignment is perfect when
voltage VIX is exactly half way between voltage V1 and V2, vertical alignment is
perfect when voltage VTY is exactly half way between voltage V2 and V3.

Testing:
The position of a poly line changes the width, and thus the resistance, of two
parallel diffusion resistors.

let Vn = the voltage across either leg when the
alignment is perfect.

dV = the change in a legs voltage due to
a misalignment.

Then, for the horizontal divider,

V2-VIX=Vn + dV
VIX-V3=Vn-dVv

and so
av = (1/2) * ((V2-VIX)-(VTX-V3))
For the vertical divider,
dv = (1/2) * ((V1-VTY)-(VTY-V3))
Note that,
2-VIX) =1*(R1 + Rp + Rp')
VTX-V3) =1+ (R2 + Rp + Rp’)
(Rp. Rp’ = Parasitic Resistances)
Where,

Rs‘éL/Wo-de)

R1
R2=Rs*(L/Wo-dW)

REV 0.0 Spring 1984
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Solving:
dW=-(Wo**2 /1*Rs*L)*4aVv

Rs = Sheet resistance of the material
1 = forced current
1 = resistor length
‘Wo = Nominal resistor width
dW = How much wider R1 gets, can
be pos. or neg.

For our sign convention: d¥W = -dX
dX=(Wo**2/1*Rs*L)*dV

Wo, the nominal width of the diffusion resistor
along L, needs to be calculated.

V2-V3=1+*(2Rp + 2Rp' + R1 + R2)
¥here,
R1+R2=Rs*L+*(2/Wo)

Rp=Rs*Ns
Rp'=Rs*Ns’

(Ns, Ns'= Number of Squares)

let Vn=(V2-V3) /2 be the nominal
voltage drop.

Although we do not know Ns or Ns' very accurately, Rp and Rp’ are small
compared to R1 and R2, so a rough guess of Ns and Ns' should do.

Ns~3, Ns'~1
Solving and Plugging in:
Wo=L/{((Vn/(Rs*1))-4)

The 4 is correction factor = Ns + Ns'

Finally,
aX = (L /((((Vn / (Rs *1)) ~4)**2) *Rs * 1)) * dV
So the test procedure is as follows:

1. Force Voltage V = -0.5 volts to poly
2. Force current I+ = about 1 mA.
3. Measure dV as described above.

4. Measure Vn.
Vn = (V2-V3)/2 for horizontal.
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Vn= (V1-V2)/2 for vertical
5. Obtain Rs for NACTV from cross-bridge
structure.
8. Knowing L, Rs, Vn, and dV, compute dX.
1=120um

The accuracy of the dX measurement is better at higher test currents; however,
too high of a current will alter the sheet resistivity (Eq. 2 is less sensative to this
efect since Rs is taken at that current) and eventually damage the structure.
To optimize results, the test should be run at several different currents on the
first few structures measured. The highest current which gives a consistent
value of dX (per chip, not a consistent value of dX overall) should then be used of
the remaining chips in the lot.

The structure is designed to resolve 0.1 um misalignments For the poly to
active structure at 1= 1 mA, a .1 um misalignment corresponds to a dV ~ 24 mV
centered of 1.4 volts (Rs = 50 ohms/sq.).

Pad Assignment:
PAD NUMBER | NAME FUNCTION
2 G Ground
3 Fv (Force Voltage to Poly)
4 G Ground
5 V3 Measure V
11 VIX Measure V
12 V2 Measure V
13 VTY Measure V
14 I+ Forcel
15 Vi Measure V
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Resistor Voltage Divider
Filename:

ac1r2PACTV
Purpose:

Electrical Alignment Measurement

Description:

Two resistor voltage dividers, one for vertical alignment, one for horizontal
alignment. Force current though resistors, horizontal alignment is perfect when
voltage VIX is exactly half way between voltage V1 and V2, vertical alignment is
perfect when voltage VTY is exactly half way between voltage V2 and V3.

Testing:

Two algorithms are possible. The best one is presently unknown. Both algo-
rithms measure the difference in voltege between the two legs of a voltage
divider.

let Vn = the voltage across either leg when the
alignment is perfect.

dV = the change in a legs voltage due to
a misalignment.

Then, for the horizontal divider,

Vi-VIX=Vn+dV
VIX-V2 = Vn-dV

and so,
av = (1/2) * ((V1-VTX)-(VTX-V2))

The difference between the two algorithms is in how to compute the dX micron
misalignment given the measured dV.

Note that,

VIiVIX)=1* éRs/w * (Lo + dL))
-V2) =1*(Rs/w * (Lo - dL))

80 that,
dL = (w/Rsl) * 4V EQUATION 1
where Rs = Sheet resistance of the active region
w = resistor width

', 1 = forced current
m Lo = effective resistor length of
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either resistor leg when
alignment is perfect.

However,

Vn= (Rslo/w)*1 and so (w/Rsl)=10/Vn
S0 that,

dL= (Lo/Vn) * v EQUATION 2

The test procedure is as follows:

1. Force current I+ = about 10 mA

2. Measure dV as described above.

3. Obtain the ratio Rs/w from a separate test
of the cross-bridge structure located in
the same block.

4. Xnowing dV, Rs/w, and 1, compute dX.

OR,

1. Force current I+ = about 10 mA.

2. Measure dV as described above.

3. Measure Vn.
Vn = (V1-V2)/2 for horizontal.
Vn = (V2-V3)/2 for vertical.

4. Dbtain Lo from layout.

5. Knowing Lo, Vn, and dV, compute dX.

The advantage to using equation 1 is that nothing is assumed: 1 and Rs/w
are both measured. However, this may also be a disadvantage because it leads to
more statistical error, especially since Rs/w is obtained from a different struc-
ture.

The advantage of using equation 2 is that the computation is entirely
geometric and thus the exact value of Rs/w or I is not necessary. On the other
hand, the value of Lo is not know exactly because the "ends" of the resistor is
not clearly defined. However any error is Lo is fixed and present only a scaling
factor error. Furthermore, the Lo can be calibrated later by comparing electri-
cal results with visual alignment structures such as verniers.

Mathematically, the two equations are identical; one can be derived from
the other. The only difference is where the parameters are obtained.

Finally, due to unknown non-linearities and parasitic resistances, the calcu-
lated dX using either of the two procedures above may vary with the forcing
current.

The accuracy of the dX measurement is better at higher test currents; how-
ever, too high of a current will alter the sheet resistivity (Eq. 2 is less sensative
to this effect since Rs is taken at that current) and eventually damage the struc-
ture. To optimize results, the test should be run at several different currents on
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the first few structures measured. The highest current which gives a consistent
value of dX (per chip, not a consistent value of dX overall) should then be used of

the remaining chips in the lot.

The structure is designed to resolve 0.1 uM misalignment For the contact to
active structure at 1= 10 mA, a .1 um misalignment correspondsto dV=2.5 mV

gentered of 3.5 volts (Rs=50 ohms/sq.)

Pad Assignment:
PAD NUMBER | NAME | FUNCTION
2 G Ground
4 G Ground
;<) V3 Measure V
11 I+ Force ]l
12 v2 Measure V
13 VIX Measure V
14 VTY Measure V
15 Vi Measure V

REV 0.0
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Cross Bridge

¥ilename:
ac0ri1POLY, aciriNACTI, ac1r2PACTV

Purpose:
Electrical Sheet Resistance and Linewidth Measurement

This structure is a Van der Pauw cross followed with a straight resistor.
Both carry the same current. The sheet resistance is determined from the Van

der Pauw cross; using this information, the linewidth of the straight resistor is
determined.

Testing:
Sheet Resistance:
The equation for the Van der Pauw cross is,
Rs=((V1-V2) /D) *(pi/In2)
(pi/In2)~453
The minimum resolution of the test eguipment is 1 mV. If we choose this to

correspond to a 5% change in Rs, we can guess at Rs and determine the proper
current to use to test.

Material Rs(est.)  Test Current

Poly 25 4mA
Active 50 2mA
Linewidth

The linewidth equation,

W=(1*Rs*L)/(VA-VB)

The test procedure is as follows:

1. Force current 14 = 2-4 mA.
2. Measure V1, V2.
3. Compute Rs from 1, V1, V2.
4. Measure VA, VB.
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5. Compute W from 1, 1, Rs, VA, VB.
L=160 um

Note: Contact chains will be tested at the
same time.

The currents suggested will give a resolution of Rs/20 for the sheet resis-
tance measurement. The same currents will produce linewidth resolution of

0.025 um.

Pad Assignment:
PAD NUMBER | NAME | FUNCTION
7 G Ground
9 G Ground
10 v2 Measure V
17 VB Measure V
18 VA Measure V
19 I+ Forcel
20 Vi Measure V

Note, pin 18 here is a current source for a contact chain. See contact chain
documentation for a description.
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Meander Resistors

Filename:
acOr2METL

FPurpose:
Electrical Sheet Resistance and lLinewidth Measurement for Metal

Description:

This structure consists of two long meandering metal resistor; one is ®
microns wide and the other is 3 microns wide. Both are the same length. carry
the same current. By comparing the voltage drops across the resistors, the
linewidth bias and sheet resistance can be determined.

Testing:
There are two resistors, Rand R’,

R= gRs'L)/(Wo-i-dW;:(VZ-VS)/I=V/I
R®=(Rs *L) / (Wo'+ dW) = (V1-V2) /1= V'/1

These are two equations in the two unknowns, dW and Rs.
Wo'(R'/R) - Vo
1- (R'/R)
Rs=R*((Wo+dw) /L)

The test procedure is as follows:

1. Force current I+ = 1-5 mA.

2. Measure V1, V2, V3.

3. Compute dW from ], L, Wo, Wo', V1, V2, V3.
4. Compute Rs from ], L, V, Wo, dW.

Wo=98.0um
Wo'= 3.0 um
L = 1545um

Note: Metal Comb will be tested at the
same time.

The currents suggested will give a resolution of about .1-.2 um for the line
width measurement. The resolution of the sheet resistance measurement will be
about ,05-.1 chms/sg.
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PAD NUMBER | NAME | FUNCTION
v G Ground
10 V3 Measure V
17 + Force 1
18 vi Measure V
20 V2 Measure V

Note, pin 18 here is a voltage source for a metal comb. See comb documentation

for a description.
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Contact Chains

Filename:
acOr1POLY, ac1r1NACTI, ac1r2PACTV (bottom 1/2's)

Purpose:
Electrical Sheet Resistance and Linewidth Measurement
Description:
These structures consist of sixteen contacts between the levels indicated.
Testing:
Force a current; the sense voltage should be less than 5 volts.
The test procedure is as follows:

1. Force current 1+ = 1 mA.
2. Measure V.

This structure is not intended to give statistical information. Rather, it is a
check to make sure nothing is drastically wrong with the process.

Pad Assignment:
PAD NUMBER | NAME FUNCTION
i d G Ground
16 /v Force ]/Measure V
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Metal Comb

Filename:
acOr2METL (bottom 1/2)

Purpose:
To check for electrical shorts

Description:
This structure consists of two interlocking but not connected metal pat-
terns. The metal lines run over poly and field oxide steps at right angles.

Testing:

Force several different voltages. The current should be always zero. The
test procedure is then to force voltage V=1, 2, 3, 4, 5, and measure the resulting
currents.

This structure is not intended to give statistical information. Rather, it is a
check to see if any- thing is drastically wrong with the process.

Pad Assignment:
PAD NUMBER | NAME FUNCTION
7 G Ground
18 V/1 Force 1/Measure V
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Visual Photolithography and Etch Monitors

Filename:
acOrOCAP

Purpose:

To indicate correct linewidth of photoresist lines or openings and etched
lines or openings in different films.

Description:

Width to space, 4um/4um, 3/3, 2/2, 1/1, 3 lines and two spaces for each
other at 8 um.

Type Designation Pad Location

NWELL N 17
ACTIVE A 18
POLY P 15
PPII 1 14
CONTACT C 13
METAL M 12
PAD 0 11
Testing:
Visual inspection.
Pad Assignment:
Non Electrical Test
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¥Flat Plate Capacitors

Filename:
acOrO0CAP

FPurpose:
To measure the following data:

Nsub substrate doping concentration at surface
Nwell nwell doping concentration profile

Nss fixed oxide charge

Nit interface charge

Tox gate oxide thickness

Fox field oxide thickness

and thus derive Vib, the flatband voltage, and Cox’, the capacitance per unit
area.
Description:
Four types of capacitors are included on this unit. They are:
1) poly/gate/n-channel

2) poly/gate/p-channel
3) poly/field/n-channel

4) met/BP-polyox/poly
Testing:

For Nit:
Do C-t meesurement

For Nsub, Nnwell, Nss, Tox:
Do high frequency C-V measurement

For Tox:
Cox’ = Cmax’

For Nsub, Nnwell:
1/Cmin’ = 1/Cox’ + 1/Cd’

Cd' = epsilon si/xd
xd = sqrt{[2*epsilon si*2phi]/qgNsub]}

Nsub/ni = exp{qphi/kT)

Procedure:
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Measure Cmin’ and Cmax’, solve for Cd'. Then solve the two previous equa-
tions iteratively such that xd satisfles the expression for Cd'.

For Vib:
When V is equal to the Flat Band Voltage we have,

Cfb* = Cox’Cdo’ /Cox’+Cdo’

Where,

Cdo’ = epsilon si/Ld
Ld = sqrt{[2 *(epsilon si)* kT]/q~2 * Nsub)}

Solve for Cdo’, calculate Cfb’ and determine Vib from C-V Plot.
For Nss, NI2:
Vib = phiMS( -gNss/Cox’ + NI2/Cox’ )

To distinguish between Nss and NI2 charge, do several capacitors with different
Vt implants each time. Then plot Ni2 vs. Vfb. The NI2 axis intercept is given by,

Y = gNss - phiMS Cox’

Nss = (Y + phiMS Cox')/q

Pad Assignment:
PAD NUMBER | NAME FUNCTION
2 P1 top plate met