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ADOBE PRESENTER

This PowerPoint module has been published using Adobe Presenter. Please click
on the Notes tab in the left panel to read the instructors comments for each slide.

Manually advance the slide by clicking on the play arrow or pressing the page
down key.
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INTRODUCTION

PSpice Lite 9.2 is one of the OrCAD family of products, from
Cadence Design Systems, Inc., offering a complete suite of electronic
design tools. It is free and includes limited versions of OrCAD
Capture, for schematic capture, PSpice for analog circuit simulation
and Pspice A/D for mixed analog and digital circuit simulation.
PSpice Lite 9.2 is limited to 64 nodes, 10 transistors, two operational
amplifiers and 65 primitive digital devices. See page 35 (xxxv) of the
PSpice Users Guide.

LT SPICE - is a free SPICE simulator with schematic capture from
Linear Technology. It is quite similar to PSpice Lite but is not limited
In the number of devices or nodes. Linear Technology (LT) is one of
the industry leaders in analog and digital integrated circuits. Linear
Technology provides a complete set of SPICE models for LT

é components. /
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VOLTAGE CONTROLLED RESISTOR

ﬁ

\oltage Controlled Resistor inside dashed box

H1 is a current dependant voltage source

Series re%istor Rser is heeded (0.001 ochm)
1

" = Ii : & *
Veontrol! alue {|('1rsense) (Z2k*V{control))}
' R1 i - Vi
0 TMEG| vsense »
Rser=.001 0

de vl -22.01 Veontrol11.5.5

V1 is to test |-V Characteristics

/
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VOLTAGE CONTROLLED RESISTOR

ﬁ

The green line is for control
voltage=1.0 giving R=2Kohms,
the blue is for control
voltage=1.5 giving R=3Kohms.

Imax=2Volts/2Kohms= 1.0mA
Or
Imax=2Volts/3Kohms= 0.66mA

Rochester Institute of Technology

-0.2mA=

-0.4m A=

-0.6mf=

-0.8mA=

-1.0méa

1.0mé#

0.8mA=

0.6mA=

0.4mA=

0.2mA=

0.0ma:

Vcontrol=1.0

Vcontrol=1.5

Microelectronic Engineering

i © January 1, 2014 Dr. Lynn Fuller

Page 6




/=1 More SPICE Examples ﬁ

VOLTAGE VARIABLE CAPACITOR

A model embedded in a test circuit is shown in Figure 1 following:

N3
% vemi NA

o
el
—]

1, R1 andthe ground
R1
0K % R2
ideg
|

=4 & "'5 4
ré;; W2 and k= connection to ground arg for test purposes onby.
R3
010
1
N2
re '8
N
10K :
3 L &1 W3, R4 and C1 are used for companison purposes onhy.
0 iu

http://www.beigebag.com/case var_cap.htm /
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CLOCKED DATA LATCH WITH AND-OR-INVERT GATE

CLK

ol

L1l
CLK: S
D .

Rochester Institute of Technology

Microelectronic Engineering /
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CLOCKED DATA LATCH WITH AND-OR-INVERT GATE

¥ig

4.8v=
4.2V=
3.6v=
3.0v<
2.4V=
1.8v=
1.2v=
0.6V=
0.0vV=
-0.6V-

V(clk)

4.5V~
4.0v-
3.5v=
3.0v+
2.5V
2.0v=
1.5V
1.0v=
0.5V

V[data

4.5V=
4.0v-
3.5V=
3.0v=
2.5V=
2.0vV=
1.5V=
1.0v=
0.5V=

v L] L]
Ops Bus 16ps

L]
24ys

L] L] L] L] L]
32us 405 485 56115 G4ps

Rochester Institute of Technology

T2us

AND-OR-INV

AND-OR-INV

> § >
ritsubp? ritsubp?
1|1 s y imas
J M2 M3 ; Mo (M8 \:itsubp?
= ritsubp? | —=——#———
e 5 T
ritsubp? M6 12 ritsubp?
1 o
i 7]
T ritsubn7?
subn7! 8 . }_T
a =
(u ] L8]
P M5 i M1
&
DI_. I
" M1 e e w7
l=————] l=————|
N

ritsubn? , ritsubn?

PULSE(0 50 1p 1p 12u 30u 4)
PULSE(0 50 1p 1p Su 20u 4)

Clk
i /

Microelectronic Engineering

~7

.include cASPICE\RIT _Models_For_LTSPICE.t:t
tran 0 80u 0 1n

M14

B\’dd

ritsub|

ritsubp7

l

ritsubn¥

~

M13

}T Dbar
|

ritsubn?

Inverter
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3.3V10 5.0 VDIGITAL LEVEL SHIFTER

V(out)

5v Signal

tran04u0

=

5.5
5.0
4.5v+
4.0v+

3.5V
3.0v-
2.5Y=
2.0v-
1.5V=
1.0v=
0.5v=

V2

PULSE{03301n1n1uZu2)

I_I"a'12

o

ritsubp?
1=1.5u w=40u
=

V3

5

1=1.5u w=4uL J 1=1.5u w=4u
ritsubp?

=

P ritsubp?
5 M3
ut
1=1.5u w=40u
ritsubn?

M6 z M1
, E
fitsubn? fitsubn7 )
. }__‘_I=1.5u w=40u }_J_I= 5U w=40u ]_‘

3.3v Signal

1.2I|.ls 1.EI|.ls 2.0us 2.4)1s 2.8)1s 3.2I|.ls 3.BI|.ls 4.0s

v

.include c:A\SPICE\RIT_Models_For_LTSPICE.txt

Converts 0-3.3 V digital signals to 0-5.0 volt signals
(An inverter following the output may be used)

Rochester Institute of Technology

Microelectronic Engineering
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MONOSTABLE MULTIVIBRATOR

Vid)

A short pulse will cause Vout to
go high and stay high for a time
determined by R and C

Rochester Institute of Technology

Microelectronic Engineering

ritsubp?

VDD =5V
R éZ? kQ
Vtriqqer —< 11 2 Vo 3 Vs I—‘ V¢
Voo i f :E:T 0.01 pF
—>‘ <€—1pus
0 t —® Vout
.nclude c:'SPICERIT_Models_For_LTSPICE.txt
Aran 0 10m0 1u
M2 M3 L
_ - R1
ritsubp? ritsubp?
M Mi 100k
ritsubp? c1 1
:] L} }—|

M7

¥in
Cj"z rrtluhn?

M1

f—
ritsubn?

M4

]

. Ll

PULSE{D 50 1n 1n 1u 2m 5)
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LC OSCILLATOR

5.4V .include ¢ASPICE\RIT_Models_For_LTSPICE.txt
L
4.8v- L —
M3 L M4
b——
4.2y ritsubp? — ritsubp?
3.5v- L 4
ic V(Vx) = 3 ._0{4 Vx Cls_.
3.0v e V{\x) =
Two cycles in 0.009 ms M M
2.4v :
gives 222KHz L1
NVout—-—\\M_/,—-—Vout
5
— V1
1.2v=
0.5V MﬁE _I JMS
== p=2
rileubnT — — ritsubn?
0.0v-
0.6V

T T T T LJ L] L] L] L]
5.30ms 5.31ms  5.32ms 5.33ms  b.34ms 5.35ms 5.36ms 5.37ms 5.38ms 5.39ms 5.40ms

3
\ tran .006 V2 | ritsubn?

\ +

f=1/(2 pi (sq root LC)) = 225 KHz =
= Y
: © January 1, 2014 Dr. Lynn Fuller |=
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NMOS INVERTER WITH HYSTERESIS

5.0V V[vout?) Vlin2) V( I n) - -

15 From IOW'tO-high NMOS Inverter With Hysteresis

. Invertergn Right R % %2

.1,:: _ :jwij_ | RITSUBNY l_i_l

« Inverter on Léft [ T

. a8 V(In2)

- :LricvggSsF'.I'ICE\RIT_Models_For_LTSPICE.txt From hlgh_to_low

o M4 is used to change the threshold voltage of M3

u.s‘;;.tl\l [I.:SV 1.;]\.' I.IEV 2.;]\! 2.I5V 3.;]\! J.IEV 4.;]\! 4.:5\! 5.0V by bOdy effeCt through Changlng ..the VOI..tage -
source-to-substrate of M3depending on if Vout is

high or low.
Rochester Institute of Technology
Microelectronic Engineering L. . .
Transition voltage depends on direction of sweep/

: © January 1, 2014 Dr. Lynn Fuller |= Page 13
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CMOS INVERTER WITH HYSTERESIS

V[vout?]

V(in2)

4,5v4

4.0v4

3.5v4

3.0V

2.5v-

2.0y

1.5V

1.0v-

0.5v-

5.0V

4.bY=

4.0V

3.5v4

3.0v4

2.5v4

2.0y

1.5v-

1.0V~

0.5V~

Viin)

0.0v

Rochester Institute of Technology

CMOS Inverter With Hysteresis

|

w=120u
7

RITSUBPT

M7
pr=——N¥dd

I
=£U
RITSUBP

2u w=40u

}?}MQ

Yout

= RITSUBP?
1=2u w=120u
)

M3

W

M5

2u w=40u
RITSUBN?

RITSUBNT
I=4u w=40u

i T—\.-‘dd
=
Ydd

V1

@
AN =
ac =
&5
D=
it

o
c
RITSUBP7

]

10
fr=——Wed

2u w=40u

Mi2

FQ%

= RITSUBPT
1=2u w=120u

M2

RITSUBQ?

40u

ME

2u w
RITSUBN7?

RITSUBNT
I=4U w=d0uU L

L

NC CSPICE'\RIT_Meodels _For LTSPICE.txt

dev205 1

YoutZ

T—\:‘dd

=

Replace the pull up resistor with PMOSFETSs

Microelectronic Engineering

© January 1, 2014 Dr. Lynn Fuller
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DIMENSIONS OF THE TRANSISTORS
Dimensions of transistors in Gate Array LINTY 2 7
NMOS PMOS
L 2U 2U
W 40u 40u
AD 17ux40u=680p 17ux40u=680p il
AS 17ux40u=680p 17ux40u=680p
PD 2X(17u+40u)=114u | 2x(17u+40u)=114u
PS 2X(17u+40u)=114u | 2x(17u+40u)=114u et I el
. [Gh
W =40 um
Ldraltwn = 2.5um
. . . Lpoly = 2.0um
Right mouse click on each transistor and add Loff% 15 Jrln\
these values to the properties/attributes. Pd=680p
Ad=114u /

i © January 1, 2014 Dr. Lynn Fuller |= Page 15
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CMOS RC OSCILLATOR USING INVERTER W HYSTERESIS

>~ Cl lOp glvesf 10I\/IHz
A

- . Vdd
.tran 1u P
M M8 S | &
o S | D
o n | o +
=z | E
o] L=2uW=120u = | = —
| RITSUBP? § |2 5
_ . _ M7
C1=100p gives f=1 MHz 14 ] [
RITSUBP7
fe=———————Vdd
[ L=2u W=120u

w Yout N
; §R1 M3 L=4u W=40u
- AT RITSUBN - L
e 1- —Vdd
2] In.—. E z
L=4u W=40u o
] c1 M5 7]

................................ —_— | RIT UBN? l_

_ I E
10p L=2u W=40u

V1

\ CMOS RC Oscillator Using Inverter w Hysteresis
Jnclude c:/SPICE/RIT_Models_For_LTSPICE.txt

ad=680p as=680p pd=114u m=114u

Rochester Institute of Technology

Microelectronic Engineering
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CMOS OSCILLATOR REPLACE R WITH MOSFETS

. CMOS RC Oscillator Using Inverter w Hysteresis and Req
i JInclude ¢:fSPICE/RIT_Models_For_LTSPICE.txt vdd
= tran01u00.1n T
] .ic V{Vout)=4 E . V1
- RITSUBPT Tl +
M8 £ |
L=2u W=120u 2 |3 —
— . — o
C1 = 100pF gives f=4MHz ) ﬁb
M7| RITSUBP7 =2
vdd | =
= L=2u W=120u
= T
~7
o ‘\F¢ L=10u W=40u . Lel
=40u |—c:=-—Vdd
4\/—@ L=4u W=40u 3
RITSU N7 M3| =% rsUBN

T LVdd

T_.I

L=4u W=40u

E UBP?
M5
RITSUBN7Y

Cl=10pF giVES f=16MHz — RITSUBN7?
L=2u W=40u

10p
ad=680p as=680p pd=114u ps=114u

N
\

Rochester Institute of Technc
g Microelectronic Engineering /
| /
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VOLTAGE CONTROLLED OSCILLATOR

F*'r.[.fl.l'J

ot

i
i l € Comparator with
c — hysteresis

| -
c ||.,' 1
¥ix

Figure 11.4-15 A VCO compatible with CMOS technology.

Rochester Institute of Technology

Microelectronic Engineering
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ANALOG SWITCHES

PMOQOS zero
Vi=-1

NMOS
Vi=+1
+5

For current flowing to the right (ie V1>V2) the PMOS transistor will be on if V1 is greater than the
threshold voltage, the NMOS transistor will be on if V2 is <4 volts. If we are charging up a capacitor load
at node 2 to 5 volts, initially current will flow through NMOS and PMOS but once V2 gets above 4 volts
the NMOS will be off. If we are trying to charge up V2 to V1 = +1 volt the PMOS will never be on. A
complementary situation occurs for current flow to the left. Single transistor switches can be used if we are
sure the VVgs will be more than the threshold voltage for the specific circuit application. (or use larger

voltages on the gates)

Rochester Institute of Technology
Microelectronic Engineering /
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ANALOG SWITCH

¥[vout)

___________________________________________________________

valtch Off. ..............

----------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------

————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

When V2 is low the switch Is on

tran 4m

.nclude ¢:\SPICE\RIT_Models_For_LTSPICE.txt

+ =
= 3
= &
}J vin T T TF
b M2 | 1
V1 ritsubp7 v 5
C) }:H @ SINE(25 2.5 1K)
= v2 \
5 M1
o
é }Tritsubmr l El
]
e W F——-g

PULSE{0501n1n 2m 4m 1)

amplitude of 2.5v

O[]

vout

R1
100k

V3 Is a sine wave with 2.5v offset and

Rochester Institute of Technology

Microelectronic Engineering

i © January 1, 2014 Dr. Lynn Fuller
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ANALOG SWITCH FOR DUAL SUPPLY

This example is for a mixed digital and analog circuit. For example a 3.3 volt digital
logic and +/- 5 volt analog op amp. The signal going thru the switch is +/-5 volts.

Y001

This circuit works if V3 is always positive
but does not work in this example because
VIn goes negative

trandm

Jnclude c:A\SPICEARIT_Models_For_LTSPICE.txt

Vivout) - =
! = -g
‘ 2
}_T Vin T TV T =
M2
p— = vout
ritsubp7? V3 - b
}:)7 @SINE(U 5 1K) R1
M1 T 100k
f— E
ritsubn?
N7 =
PULSE{05 0 1n1n2m4dm 1) =

————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

© January 1, 2014 Dr. Lynn Fuller |= /
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ANALOG SWITCH FOR DUAL SUPPLY

FN

0-5V Logic
Control H—‘

Rochester Institute of Technology

Microelectronic Engineering

This example is for a mixed digital and analog circuit. For example a 3.3 volt
digital logic and +/- 12 volt analog op amp.

\Vout

i © January 1, 2014 Dr. Lynn Fuller
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NON OVERLAPPING CLOCK PLUS BUFFERS

I Dot e P!
tlv’)><ﬁ

CLOCKBAR | DO—I>?—I>O—|—I>°—I>O—(D2
S 3

CLOCK

o1 - S —

D2 — — — — -

Institute of Technology
ronic Engineering /
[ |= /
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CMOS TWO PHASE NON-OVERLAPPING CLOCK

CMOS Two Phase Non-Overlaping Clock 3
=1
» -
L=2u W=120u e B 15 q
RITSUBP7 L=2u W=120u
= RITSUBP7
=
2 w=120u  w
M0 | —— | — M1 M17 p———
RITSUBF? 5 L=2u W=120u
O L=2u W=40u L=2u W=40u RITSUBPT
it RITSUBP7 RITSUBP7
}_‘ L=2u W=
RITSUBNY | o B _ M5 Mz L=Ru W=40u
_ N e B L=2u W=40u L=2u W=40u ITSUBN7
L=2u W=40u RITSUBN7
M12 'oitsubnz MI18 |miTsubnz
RITSUBN7
.nclude c’\SPICERIT_Models_For_LTSPICE.txt
PULSE{0 50 0.1n0.1n 10n 20n 4) 3
.tran 80n :T
» -
= Mi|, L=2uW=120u L=2u W=H0u L=2u W=40u d
9 RITSUBP? RITSUBP7 |M13  RITSUBP? M15 Ol
L=2u W=40u
M3 L=2u W=40u L=2u W=40u 16
RITSi:BH? RITSUTN? RITYUBN7
[
1 © January 1, 2014 Dr. Lynn Fuller |= Page 24
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CMOS TWO PHASE NON-OVERLAPPING CLOCK

5 0w ¥iclock]

4. 5=

4.0v=

3.5V=

3.0

2.5

2.0v=—

1.5Y=

1.0v=

05—

0.0V
L

Y[outZ)

h.0V—
4. 5=
4.0v=— r_1 (_1 r_‘ (_1
3.5v=
3.0v=
2.5=—

2.0v=
1.5v=

-0.5%

| | | | | | | | |
Ons 8ns 16ns 24ns 32ns 40ns 48ns 56ns G4Ans ¥Zns 80ns /
| H

i © January 1, 2014 Dr. Lynn Fuller Page 25
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DRAM SENSE AMPLIFER DETAILS

Q7 is turned on with
signal ¢p precharging
the two digit lines to \Vdd/2

Note: the memory is

organized into two arrays

so that one can be used

as the reference for the

other. (with basically

Identical digit line capacitance)

Vdd
; ol 6
Q3 Q4 Reference
Digit Line L= 1 Digit Line
DO L _T ﬂ—ﬂ l}
=B HC o2
Vld/Z s 1 S0 e
WLO o7+
08 Q9
|
vdd2 I l ‘ ‘I Vdd/2
ot e o Ttk op j
| © January 1, 2014 Dr. Lynn Fuller H Page 26 /
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SENSE AMPLIFIER DETAILS

®s goes high and the data in the selected memory cell is sensed. The word line
WLO goes high and the charge on selected capacitor CO is shared with the
capacitance of the digit line DO. If a “1” was stored in CO the voltage on DO will
initially be a little higher than VVdd/2. The voltage on the reference digit line will
Initially be VVdd/2. The crosscoupled inverters amplify these starting voltage and
bring the digit line DO to VVdd and DO* to zero volts. The capacitor CO is
recharged (refreshed) at the same time it is read.

If a “0” was stored in CO the voltage on DO will initially be a little lower than
Vdd/2. The crosscoupled inverters bring DO to zero
volts, refreshing CO and providing a one for an output on DO*.

Rochester Institute of Technology

Microelectronic Engineering /
I |= /
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SENSE AMPLIFER WAVEFORMS

VCC VCCP

VCC/2

Rochester Institute of Technology

Microelectronic Engineering
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OPERATIONAL TRANSCONDUCTANCE AMPLIFIER

CMOS Realization
V+

o+V
Va |4

V- lbias
1 M2 N lout
s o re
Va + — lout 0 s o ‘_
\ == | — — =
g% gm(Va-Vb) ' Vref‘i :jl I_: H ~
Vb . | Ibias H ﬂ

o -V
Rochester Institute of Technology NOte gm IS Set by |bIaS
Microelectronic Engineering /
| /
© January 1, 2014 Dr. Lynn Fuller |=
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SPICE OF OPERATIONAL TRANSCONDUCTANCE AMP

Operational Transconductance Amplifier

=

L=2uW=30u

— L=2u W=40u L=2u W=400u
RITSUBPT RITSUBPY RITSUBP? RITSUBP?
W+ C) 4.5
T RITSUBH? | mm M2 | RITSUBNT
L=2u W=400u| |=17—¥== Vss—0 = | =2uW=400u | Vout
—] L=2u W=45u Ma M3 L=2u W=295u -

-+ RITSURHT RITSUBHT _ 0
— 0 M3| L=2uW=40u y2 0

RITSUBH? | o
&

V=ss

Ao W2 45 4.5 .01 Yref 2 41

e

- Jnclude c'SPICE'RIT _Models_For _LTSPICEtxt
)

Rochester Institute of Technology

Microelectronic Engineering /
| /
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TRANSCONDUCTANCE FOR Vref=2,3,4 volts

I IVout]

8 mfe—i
T mufe—

v lout versus Vin _
oA Gm = slope of lout vs Vin

AmA—]
im
2 e
1 mife—
0 e
-1 mfe—
-2 mi—
-Ima—
-4 mi—
-5 mfe—
-6 mbe
2.8mi

-d[I[¥out]] 27mi1

2.6ma— —20m& -1

2. Ami— b=18m% -1
2.2 mfe— b16m%2-1
2.0m Gm and Ibias 1 Amct
1.8 mfe=— =12m& -1
1.6 mfe— b1 0m&2-1
1. 4mA— — Bmii-1
1.2 mA=— b 6m& -1
1.0 fe— b Am& -1
0.8 mAe— }J — Z2mi2-1
0.6m# | | T T T T T Om{ -1
-4, -2. -1.8v -0.9v 0.0v 0.9v 1.8V 2. .

: © January 1, 2014 Dr. Lynn Fuller |= Page 31
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BIQUAD FILTER

V+ V+
V+
i —*
V-  lbiasl ‘
+
| c2

V- |bias4

V-  Ibiash

_ VC
Rochester Institute of Technology

Microelectronic Engineering /
I |= /
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BIQUAD FILTER

Vout = (32C1C2Vc tS Cl gm4 Vb T gmz gm5 Va)/(52C1C2+ SClgm3+gngm1)

This filter can be used as a low-pass, high-pass, bandpass, bandrejection and
all pass filter. Depending on the C and gm values a Butterworth, Chebyshey,
Elliptic or any other configuration can be achieved
For example: let Vc=Vb=0 and Va=Vin, also let all g,, be equal, then

Vout = Vin / (s*°C,C,/ 9,0, + SC,/g,, + 1)
which is a second order low pass filter with corner frequency at

®, = ngclc2 and Q :¢ C,/C,

Rochester Institute of Technology

Microelectronic Engineering /
| /
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COMPARISON OF DIFFERENT FILTER DESIGNS

Lowpass Filters
gain

A

N—_

“—

Elliptic
T~

Butterworth

Chebychev

v

frequency

Rochester Institute of Technology

Microelectronic Engineering

Butterworth is flat in the band pass
region, has the least steep transition
to band stop region

Chebychev is not flat in the band
pass region, has a steeper transition
to band stop region than
Butterworth

Elliptic is flat in the band pass
region, has the steepest transition to
band stop region but has some gain

i © January 1, 2014 Dr. Lynn Fuller |= Page 34
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=

ELLIPTIC FILTER

Vin VA

V+ V+
V+
+ —+
+ —_ \Vout
V- lbias | V- lbias
V- lbias -
V+ —_—
C2
‘ 1500
+ C1 Vin _/\R/Y\l VC=Vin/31
- L 50=R2
' l
| ‘ L
V- lbias

Rochester Institute of Technology

Microelectronic Engineering /
I |= /
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VIBRATION ENERGY HARVESTER

— T T T T
30ms b0ms 0ms 120ms  150ms  180ms  210ms  240ms

B 1
COKLiG@A DN 0N LZed 0 do0ek - 0 0 T

J
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VOLTAGE MULTIPLIER

______________________________________________________________________________________________________

------------------------------------------------------------------------------------------------------

______________________________________________________________________________________________________

-----------------------------------------------------------------------------------------------------

Rochester Institute of Technology
Microelectronic Engineering

LTspice I¥ - YoltageMultiplier.raw =] e |
File Wiew Plok Setbings  Simulation  Tools  Window  Help
|22 BT F0 Q0o RS ERT LREH AE (L L6 =3 DD DD O
4, viokageMultiplier.asc ¥ VoltageMultiDIier.raw|
(o] x|
tran020
[ R1
—————————————————————————————————————————————————————————————————————————————————————————————————————— 1000K

SINE(0 1 15)

V1
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IXOLAR SOLAR CELL — MEASURED CHARACTERISTICS

FN

MEASURED I
Room Light at Desk Top
Close to Light Fixture

Cell 1 Cell2
0.0705mA 0.0509mA
1.574mA 1.560mA

Highest Microscope Illuminator Setting 51.2mA  48.6mA

Overhead Projector

Direct Sunlight Through Window
Dark Current

Series Resistance

Parallel Resistance

(~25w/m? = ~2.5mW/cm?)

Rochester Institute of Technology

13.6mA 15mA
16.0mA 16.0mA
58.1nA  17.8nA
1.6966Q2 1.5363Q
>IMEG >1MEG

Package front-side and back-side view.

SolarBIT Pad Design. (Dimensions in milimeters)

22

!
B

Microelectronic Engineering

Front-side View details

Measured Light Intensity
300 Lux
XXX Lux
XXX Lux
XX Lux (~2.5mW/cm?)
65,000 Lux
Zero

IXOLAR — KX0OB22-12X1

[l KXOB 22-12X1

+  Ixys o _ ml
KX0B 22-12X1 Ll
o e 2+ |
- 22 -

© January 1, 2014 Dr. Lynn Fuller

Back-side View details //
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EXTRACT SPICE MODEL FROM I-V CHARACTERISTICS

I Ais

CUrsors

lopts | Fits |

4 D1 HE X
Photodiode - Bright Light y
0.0700 _ Conditions:
0.0800 E Swp: SMU1
0.0500 £ Start: -1.0000 V
0.0400 E Stop: 1.0000 V
' g Step: 0.0200 V
00300 Pts: 101
<  0.0200 f
0.0100 | Con: SMU2
0.5588n Val: 0.0000 V
-10.0000m £
-0.0200 .
-0.0300 E__, A .
-1.000 0.500 1.000
VA
Fit #1: Fit #2: Cursors: X Y
Type: Cursor Type: Cursor [1]-1.0000 -0.81921u
Sip:1.0541u Sip:0.1458 <>10.0000 0.2350u . tS|Fé|9I518A2DEL
Yint0.2350u Yint-0.0888 | 0.6400 4 5564m Rasrhu ntugi?slope_: 1?1 s il VEE
Xint-0.2230 Xint:0.6088 =< |0.8400 0.0337 R series = 1/slope = 1/0.1458 = 6.86 ohm
ICS 11:26:21 [~
10/16/2012 AN

TYUGTTOUTOT 1T TOUTUts UT

TCOT T IUTUyYy

Microelectronic Engineering
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LTSPICE SIMULATION OF TMMX22MM SOLAR CELL

i SolarCell.raw

[ B3

SolarCell.asc

R2
11 V1
D1 R1 0.5
1MEG .dc V1 0.65.0111050m 10m
0 0
SolarCell ‘%
Area=154e-6 *Small 7mm X 22mm

.model SolarCell D {IS=10e-9 N=1 Rs=0 CJO=200e-12 M=0.5 BV=400)

[=l B3
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BLOCK DIAGRAM FOR LTC3105

LTC3105

BLOCH DI“G“H ITI (Pin Numbers for DFN Package Only)

L1
10pH
i
—
L)
SHUTDOWN E SW
! WELL
SLE:F)] CONTROL
AUX i
r
= L'., SHORT R s
pien A
I_ CONTROL I
LOW VOLTAGE _| 1_| ] vour rs1 15V T0
START-LP CURRENT J_J J_ - | 0.2V
ADJUST 8 plien Cout
- 10pF
£ 7, T
SHUTDOWN E EJT
U £
— C Lpo

5o Y

T

PEAK CURRENT
LIMIT

F
V—{+ — SHUTDOWN

VALLEY CURRENT LIMIT

Vi
- » SLEEP
?g,,. LOGIC RS
[] SHON 1 DC USER SHUTDOWN BURST 1004y 5 Lo )
y/

o CDN ROL ::I::
FB
I""IN =

1,004y PGOOD o
Vane ——D“\w—— Voo ?_{

EXFOSED PAD

R1

R2

|||—*\.M
Hw—e——any

SLEEP =

T,
I:I:I 108 BD
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.3y Yloutl) I[L1) o70mA
3.0V -240mA
2.1 L210ma
i -180mA
2.1V

F150mA
1.8V

F120mA
1.5V
v - 90mA
h.ov- - 60mA
\““
|].3V—l I||| ImA
0.0v T T T T -30mA

0.0s 0.25 0.4s 0.6s 0.8s 1.0s

'[: LTC3105 and photocell.asc o || B[R

LTC3105 - 400mA Step-Up DC/DC Converter with Maximum Power Point Control and 250mV Start-Up
3.3V from Multiple Stacked-Cell Photovaltaic with Source Temperature Tracking
Input: V1o 1V Outputt: 3.3V @ 10mA  Outputz: 2.2V @ 6mA
L1

Simulation with minimum
T photocurrent that works

LTC3105 o o YT —= | Photocurrent = 1.6 mA

DC-to-DC fo o - . -7 |Rs=1.6 ohms

Converter » Rp = infinity

LTC3105

e
c3 _[> ;ED"

Haux FALDO

1y GHD

Aran 5

Note: model SolarCell D {15=10e-9 N=1 Rs=0 CJ0=200e-12 M=0.5 BV=400}
If the simulation model is not found please update with the "Sync Release" command from the "Tools" menu.
It remains the customer's responsibility to verify proper and reliable operation in the actual application.

‘Component substitution and printed circuit board layout may significantly affect circuit performance or reliability
‘Contact your local sales representative for assistance. This circuitis distributed to customers only for use with LTC parts
Copyright ® 2011 Linear Technalogy Inc. All rights reserved.
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SIMULATION TO OPTIMIZE TO LOW LIGHT LEVELS

LTspice I¥ - [LTC3105 and photocell plus load and Tin.asc] HEE
-l: Elle Edit Hierarchy Wiew Simulate Tools Window Help =& ﬂ
Eil=al = N QUARBEIDd HaR | s2EM H38L-rP s x800 Au op

LTC31035 - 400mA Step-Up DC/DC Converter with Maximum Power Point Control and 250mV Start-Up
3.3V from Multiple Stacked-Cell Photovoltaic with Source Temperature Tracking
Input: .6V to 1V Outputi: 3.3V @ 10mA  Output2: 2.2V @ 6mA

L1
10u
R4
Vin SW
u1
SolarCell P SHON Vout OUT1
12 - k \
154u
R3 1Meg 100p
mere LY FB
SINE(100m 100m 10 0 0 2) 39K Vido R3
251k
nPGood
LTC3105
c3
b Aux
1p GND

tran 2 %

Note: .model SolarCell D {IS=10e-9 N=1 Rs=0 CJO=200e-12 M=0.5 BV=400)
If the simulation model is not found please update with the "Sync Release™ command from the "Tools" menu.
It remains the customer's responsibility to verify proper and reliable operation in the actual application.
Component substitution and printed circuit board layout may significantly affect circuit performance or reliability
Contact your local sales representative for assistance. This circuit is distributed to customers only for use with LTC parts
Copyright © 2011 Linear Technology Inc. All rights reserved.

Richk click bo edit "LTC3105 - 400m#A Step-Up DC/DC Canverter with Maximum Power Point Contral and 250mi Start-Up 3,34 fram Mul

Microelectronic Engineering

[
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Moare SPICE Examples

SIMULATION TO OPTIMIZE TO LOW LIGHT LEVELS

LTspice I¥ - [LTC3105 and photocell plus load and Iin.raw]
t: File Wiew Flot Settings  Simulation  Tools window  Help

=18 x|

B ETEN R (2L ERE 4 2RAAES L LB L3 YD DD e s

‘L: LTC3105 and photocel plus load and lin.asc t: LTC3105 and phatocel plus load and lin.raw |

V[outl] Vivido] 112)

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------

] IS N N i N\ v ..storage..C.4...................................... .................. s ]
/N \_ Voutpo [/ /S

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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HOMEWORK - MORE SPICE EXAMPLES

Do SPICE for one of the following:

1. Use SPICE to investigate an elliptic filter.
2. Do a SPICE simulation for an Analog Switch that can pass positive

and negative voltages. (+/-12 volts using 0- 5 volt logic)
3. Do a SPICE simulation for the two phase non-overlapping clock

circuit.
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