6 15 Riso CF
Tim Green

(Electrical Engineering)

Riso CF CF (Output Pin
Compensation) Riso
7 8
Tina SPICE
Tina SPICE Vour Vin AC Tina SPICE
(Transient Real World Stability Test) 23
Ro
+/40V OPA452 €
7z (piezo actuator)
6.1 AC Ro
Ro Anaog &
RF Models (http://www.home.earthlink.net/%7Ewksands/) W. K. Sands SPICE
Tina SPICE Ro W. K. Sands SPICE
OPA452
Supply: +/-10V to +/-40V
Slew Rate: +7.2V/us, -10V/us
Vout Saturation:
[0=50mA, (V-)+5V, (V+)-5.5V
[0=10mA, (V-)+2V, (V+)-2V
6.1 OPA542
Ro 6.2 OPA452 “c (operating point)”~
“ 7z Rour Rour =Ro Ro  Rour
3
OFEN-LOOP GAIMN AND PHASE vs FREQUENCY
14':' LI 1 I D
- OPA452
120 |- Gain —20
100 |- (] —40
£ l‘“‘""“‘.., .
_ 80 " e R, Test —60
o Tl n Fhase |  Point g
= &l L0 ~] f' ’/ -0 &
c T 1T T TR FEH=44 p
&40 = . o0 &
() "h,.h‘ 5 (W
20 = H- —120
[~ A
0 =140
6 s
Tim ¢ =20 I 160
“1- 40 H _1a0
1 10 100 1k 10k 100k 1M 10M

Frequency (Hz)


http://www.home.earthlink.net/%7Ewksands/

VOA

6.2 Ro “ 77  OPA542 Aol
Tina SPICE Ro 6.3 SPICE
100 AC C1 R3
Al (excitation source)
Rout Ro 3 “ Ro—
2 gl lioetr il |- [01X|
Range
R2100k
oA ] 2] 2|
Function Input
ARSI B
ot owm | Feo | o
C11u R31k
+
VT
— AM1 = 687.19uA 1MHz
I ~ — 1Vp
<
- o RO =VOA/AM1
L RO =19.73mV / 687.19uA
- RO =28.71 ohms /
6.3 Tina SPICE —Rp 1
3 Ro “ Ro — 7z Ro 6.4
AC VT U1 U2 U1 U2
SPICE Ro=28.67 6.3 Ro
OPA452  Ro=28.7 o
—————— A\
VO1 =17.22mV rms VO2 = 16.74mV rms
+—(\vour __I__‘I‘;wzm —(\VouTL
R1110k
_L—/\/\/\/*
T eoPMR ]
R RL1k
1MHz § Vo I 3 -
10mVp & = 1 g
RO = [RL(VOUT - VOUTL)] / VO_UTL
RO = [1k(17.22mV - 16.74mV)] / 16.74mV
RO = 28.67 ohms
/
6 15
Tim Green




6.4 Tina SPICE —Ro 2
Aol
““Aol 7z 6.5
Ro CL Ro Aol
““Aol 77 6.6
RI RF
@ 100K
/ " ~ ~
OPA452
~
» Vour
— CL
1uF
Extra Pole in Aol Plot due to R, & CL: 0»e .
fpo1 = 1/(2-N-Ry-CL) ’ L~ 1
fpo1 = 1/(2-11-28.7Q-1yF) Viv @ B
fpo1 = 5.545kHz )
Create a new “Modified Aol” Plot 1
6.5 CL Aol
6.6 ““Aol 77
1B ““Aol ” 40dB decade
120
OPA452
N Aol
100 1 \\ L 1 s s B
80 \\
60 ™
o fpo1 \
E’, 40 STABLE
g 40dB/Decade >\\
Rate-Of-Closure \
20 NN o) N —
"™\ B
0 \ \\
-20 Modified Aol / N
dueto CL \
-40 \
-60 [ LI [ LI [ LI [ LI [ LI | \
1 10 100 1K 10K 100k VIR 10M
Frequency (Hz)
6 15 Riso CF
Tim Green

Aol



6.8

120
100

Magnitude (dB)
nN
T

6.6 — CL OPA452 Aol
Tina SPICE 6.7
AC CL Ro ““Aol 7

W = \240
RI 100K T1G ]
B l U10PM52
CT1G

CL1u

Aol =VOA / VM

B Loop Gain = VFB /VM
6.7 Tina SPICE — CL Aol
“pol 77 5.6kHZ
cL 5.45kHz

[ Modified Aol Magnitude |

180.00—
135.00
90.00]

45.00]

T T T TTT ‘ T T T 11T ‘ T TTTTT ‘ T T T 11T ‘ T T T 11T ‘ T T T 11T ‘
10 100 1k 10k 100k iM
Frequency (Hz)

@ Magnitude :
Aol A:(5.6k; 50.47)

Phase :

Aol A:(5.6k; 45.01)

yal

10M

0.00-]

-45.00—]

Phase (Degrees)

-90.00]

-135.00]

-180.001

Modified Aol Phase

6

T T T TTT ‘ T T T TTT ‘ T T T TTT ‘ L L ‘ T T T TTT ‘ T T T TTT ‘
10 100 1k 10k 100k 1M
Frequency (Hz)

15 R|so CF
Tim Green

10M



6.8 Tina SPICE — CL Aol

6.9
fel
120, @
1003
80
60 Loop Gain
. 40 Magnitude
S 20
A
3 3
20
-401
607
-80
-1004 \\\\H‘ \\\\H‘ \\\\H‘ \\\\\\‘ \\\\H‘ \\\\H‘ \\\\H‘
1 10 100 1k 10k 100k M 10M
Frequency (Hz) fel
v}
g
£ ,45_005 Gain:
] Loop A:(86.03k; -20.29m) B:(86.01k; -15.55m)
-90.00 Phase :
_135_0(,; Loop A:(86.03k; 1.43) B:(86.01k; 1.44)
-180.00— T S RRARL RN AR AR RN T
1 10 100 1k 10k 100k M 10M
Frequency (Hz)
6.9 Tina SPICE — CL
6.10 Tina SPICE
RF 100k
NV
RI 100k
AN
+
VIN ( VOA
1Vpk
1kHz CL1u
6.10 Tina SPICE CL
6.11 Tina SPICE “* 7z
6 15 Riso CF
Tim Green



1.00

VIN |
A\ S
0.00
106.68m —
VOA N
210 N
0.00 50.00u 100.00u 150.00u 200.00u
Time (s)
6.11 Tina SPICE CL
Ro CL
““Aol 7z 6.12 RL Ro
Ro RL CL
(decade) RL 10Ro
RL Ro CL
1
VO/VOA =
CL *RO * RL {S + 1/{CL[RO*RL/(RO+RL)]}}
Implies that there is a single pole at:
fp=1/ {2*pi*CL*(RO//RL)}
fp=1/{2*pi*100nF*(1k//100)}
fp=17.5kHz
T AN . _T_ (\O
VOA RL100 % I CL100n
If RL > 10*RO
S Dominant single pole at:
(7) fp= 1 / {2*pi*CL*RO}
6.12 RL
6 15 R|so CF

Tim Green



6.13 Ro RL CL Ro RL

CL
-20.00—,
-40.00
g
.(% ]
(U]
-60.00
>8000 \\\\\\‘ \\\\\\‘ \\\\\\‘ \\\\\\‘ \\\\\\‘ \\\\\\‘ \\\\\\‘
1 10 100 1k 10k 100k im 10M
Frequency (H2)
0.00 @
Gain:
VO A:(17.45k; -23.83)
, Phase :
———— VO A{(17.45k; -44.9)
b5
S.
@ -45.00
©
T
'9000 \\\\\\‘ \\\\\\‘ \\\\\\‘ \\\\\\‘ \\\\\\‘ \\\\\\‘ \\‘Y_V_V_Y—‘
1 10 100 1k 10k 100k im 10M
Frequency (Hz)
6.13 TinaSPICE R, RL CL
Rso CL
6.14 CL
RISO ““Aol i
RISO VOUT VOA
6 15 Riso CF
Tim Green



Riso

Rso CL

RI

100kQ

CL

6 15

Tim Green

RF

Gain (dB)

»
~
|

40

20

- —t——

100k

~

OPA425

R0 “Isolates” CL

Op Amp Output

from

RISO

VOUT
4.99Q L CL

1uF

Extra Pole in Aol Plot due to (RO + RISO) & CL:

fp01 = 1/[2."-(R0+ RISO).CL]

Extra Zero in Aol Plot due to Rigo & CL:

fz01 = 1/[2-N-RgoCL]

6.14 Riso

6.15

CL
fpol Ro  Riso
fcl

CL
20dB decade

e

Check:

Vour error vs. Vg,
(point of feedback)

depending on lg¢

fzo1

OPA452

fpo1 = 1/[2-N-(Rg* Riso)-CL]
_{ fpo1 = 1/[2:N-(28.7Q+ 4.990Q)-1pF]

fpo1 = 4.724kHz

fzo1 = 31.89kHz

fzo1 = 1/[2-N-R,go-CL]
fzo1 = 1/[2-M-4.99Q-1F]

=+ 20dB/Decade 1
Rate-Of-Closure —|

N
AN

—

fzo1™ !

N

N

Modifie(/\
Aol

Risc10

CFA00

1K 10K
Frequency (Hz)

100k ™

10M



6.15

6.16 Tina SPICE

‘(.AOI >3

R|so CL Aol

1 B x2 6dB

\FB)—¢

RI100 LT1G

Aol =VOA / VM
Loop Gain =VFB / VM

—( VOA

J__/\/\/\,_.,_r\(vv\ °

CT1G

6.16

6.17 ““Aol 77

120.00
100.00—

80.00

Modified Aol
Magnitude

60.00—]

40.00]

Gain (dB)

20.00
0.00]
-20.00

-40.00]

Tina SPICE

RISO4.9

Rso CL

fp01=4.724kHz fz01 =31.89kHz

TT TTT
1 10 100

180.00—
135.00]
90.00]

1 | Modified Aol
4500 | Phase

0.00]

Phase [deg]

-45.00]

T T T
1k 10k 100k im 10M
Frequency (Hz2)

-90.00 —
1 10 100

6.17 Tina SPICE

6 15 Riso CF
Tim Green

L L—— T T
1k 10k 100k im 10M
Frequency (Hz)

R|30 CL ““Aol >



Gain (dB)

Phase [deg]

6.19

Von

6

120.00,
100,00
80.00]
60.00]
40,001

20.00

6.18 Rso CL
DC fcl 45

Loop Gain
Magpnitude

0.007]
-20.00

-40.00]

-60.001

lS0.00i
lSS.OOé
90.00—?
45.00;

0.00;

-45.00]

Loop Gain
Phase

10 100 1k 10k 100k iMm
Frequency (Hz) fel

10M

-90.00]

Tina SPICE

6.20

15

Tim Green

- 10 -

10 100 1k 10k 100k M
Frequency (Hz)

6.18 TinaSPICE R0 CL
AC VOUT V|N VIN
RF 100k

—( VOA

RI 100k
VW

RISO4.9

T

CL1u

AC Analysis: VIN = 1Vpk
Transient Analysis VIN = 100mVpk, 10kHz, 10nS rise/fall time

6.19 Tina SPICE R|so CL VOUT V|N
Rso & CL  Vour ViNAC

Voa ViNAC Vour VINAC
Aol Voa Vi

R|so CF

10M



fcl VOA V|N Aol VOUT V|N DC fzo1 VOUT V|N
RISO CL RISO CL fzo1 VOUT VN -20db
decade fcl Aol Voa -20dB decade
Rso CL Vour Vi fcl  Vour Vi
-40dB decade 6.20
120
OPA452
100 - -+ ——HH - -
80
60
|fpo1
)
< 40 Modified Pt \\
£ Aol \
O
20 - - —+  20dB/Decade 1| f‘z‘o.l‘H\ —HHHH -
1B Rate-Of-Closure —| fcl
\ | ———|
0 ~ A i — - — S N\
VOANIN \ \
A
-20 N
-40
N
-60 [ [ [ R [ LI [ | \HHH} L LI
1 10 100 1K 10K 100k 1M 10M
Frequency (Hz)
6.20 AC R|so CL VOUT VIN
Tina SPICE VOUT VIN VOA VIN 6.21
20.00
0.00]
] VOA
-20.00
E‘.; ]
= -40.00]
38 1
-60.00
-80.00]
-100007 \\\\\\‘ \\\\\\‘ \\\\\\‘ \\\\\\‘ \\\\\\‘ \\\\\\‘ \\\\\\‘
1 10 100 1k 10k 100k M 10M
Frequency (Hz)
0.00
-45.00%
-90.00 ]
] VOA
= -135.00]
g 1
'3 -180.00]
8 1
& .225.00
-270.00%
-315.00%
-360.00] - IERET IR IERET IERET IERET A
1 10 100 1k 10k 100k M 10M
6 15 Rlso CF Frequency (Hz)
Tim Green

- 11 -



6.21 Tina SPICE R|so CL VOUT Vin

6.22 Voa
60 45 4
SPICE IC

100.00m
VIN _

-100.00m —

242.27m /\
VOA i

-348.35m — \/\r

200.33m —
o | k

-201.34m ‘ ‘ ‘ ‘

0.00 25.00u 50.00u 75.00u 100.00u
Time (s)

6.22 Tina SPICE R|so CL VOUT VIN
CF

CF 6.23
Ro CL ““Aol 7z
1 B 1/8 20dB/decade
Aol

CF , 180pF

RI RF

AN, e s
* =

Extra Pole in Aol Plot due to Ry & CL:
fpo1 = 1/(2-N-R,-CL)

Add Pole in 1/ Plot:
fp1 = 1/(2-M-RF-CF)

Note:
1/8 before fp1 must be large enough for 1/8 + L

intersection with modified Aol at fcl to be f—
20dB/Decade with roll-off due to fp1 Vin @ o

6 15 Riso CF
Tim Green p—

- 12 -



6.23 CF
Aol fp01 6.24 CF 1 B
fp1 1 B Aol 20dB decade
CF 1 B 1 (0dB) CF Vout
CL Vour Vi
CF RF Vour VINAC fp1 (8.84kHz)
-20dB decade fcl VOUT VlN
Aol
120
OPA452 fp°1 = 1/(2'”'R0'CL)
Aol fpo1 = 1/(2-1M-28.7Q-1pF)
100 — \ ] fpot = 5.545kHz
fp1 = 1/(2-N-RF-CF)
80 fp1 =1/(2:N-100kQ-180pF)
fp1 = 8.84kHz
60 fz1: Intersection of 1/B and 0dB.
At high frequency CF=Short and
o fpo1 -
% 40 po NG 1/8=1->0dB.
= 1B 20dB/Decad \
8 \ Rate-Of-g(I::sjre\
20 s e e _ ‘ \H}HH -
0 \\
) @ \
Modified Aol
‘ ‘ /dueto CL
-60 [ L [ LI [ LI [ LI [ LI [ L
1 10 100 1K 10K 100k 1M 10M
Frequency (Hz)
6.24 CF
6.25 CF Tina SPICE
Aol
6 15 R|so CF
Tim Green

- 13 -



t—C B
RIMk LT1G
__[:___AN/\/\F4;________J\ﬂfV\47

Aol =VOA / VM
Loop Gain = VFB / VM
1/Beta = VOA/ VFB

6.25 Tina SPICE CF

1 B Aol 6.26 Aol
fp1 8.84kHz 1 B 8.84kHz
0dB 0dB

120.00 —,
100.00 —| oo

80.00 —

60.00 —

40.00 |
20.00 —

Gain (dB)
|

fp

5.45kHz

-20dB decade

@

( VOA

CL1u

0.00—
-20.00 —|
-40.00
-60.00
-80.00 —|

-100.00

1 10 100 1k 10k

Frequency (Hz)

6.26 Tina SPICE CF Aol

6 15 Riso CF
Tim Green

- 14 -

I HHH‘
100k

I HHH‘
M

I HHH‘
10M



6

- 15 -

6.27

15
Tim Green

38.53

100.00—
80.00]

60.00] i
] Loop Gain

40.00 Magnitude

20.00]

AC

DC fcl 45

fcl

Gain (dB)

0.00-4
-20.00]
-40.00
-60.00]

-80.00

-100.00— T
1 10

18000,

135.00]

90.00 Loop Gain
Phase

45.00]

T T
100

T LB ‘ T LB ‘
1k 10k
Frequency (Hz)

T T
100k

T T
1M

T T
10M

0.00]

Phase [deg]

-45.00—|
-90.00]

-135.00]

-180.00 RN

Gain:

Phase :

Loop A:(104.03k; 4.14m) B:(104.03k; 4.14m)

Loop A:(104.03k; 38.53) B:(104.03k; 38.53)

1 10

6.27
6.28 Tina SPICE

100

Tina SPICE
Vour

T T
1k 10k
Frequency (Hz)

CF
Vi

CF 180p

l—

AC Analy sis: VIN = 1Vpk
Transient Analysis VIN = 10mVpk, 1kHz, 10nS rise/fall time

6.28 Tina SPICE

RISO

CF

CF  Vour Vi

100k

M

iom



VOUT V|N AC 6.29 10kHz VOUT
V|N -40dB decade 100Khz VOUT V|N Aol
100kHz Aol 1 Beta

40.00

20.00

VOUTNVIN
Magnitude

-20.00

Gain (dB)

-40.00

-60.00

-80.00

-100.00

T T T T T T T
10 100 1k 10k 100k M 10M
Frequency (Hz)

-

o
=}
1=}

-45.00

-90.00

-135.00

-180.00

Phase [deg]

-225.00

-270.00

-315.00

-360.00 RRRT Rt Rt Rt Ve T SRR
10 100 1k 10k 100k M 10M
Frequency (Hz)

6.29 Tina SPICE CF  Vour Vi

-

Tina SPICE Vour Vin 6.30 (ringing)

10.00m

VIN

-10.00m —
111.99m —

VOA _

»lll.48m““““““‘““““r““““““

0.00 250.00u 500.00u 750.00u
Time (s)

6.30 Tina SPICE CF

6 15 Riso CF
Tim Green

- 16 -



6.31

Ro CL ““Aol 7z 18
1 B Aol 1 B
fpn Rn Cn fzn
fpn 20dB decade DC1 B
1B
(Inverting Noise Gain) Vout
Vin RF RI Cn-Rn 1 B
(Non-Inverting Noise Gain) Rs Rn 10
Rn 1 B Vour Vin=1+RF RI
RI RF
Cn 82nF Rn 1kQ
H/Wi I Inverting Noise Gain | 10k r 100K
1 o~
RI - | « OPA452
Rn - ~
1kQ | R ~
10kQ | ) ~
> » Vour
Cn 28.70 1
——cL
v’ 82nF l + g\eeﬁ’\/ 100nF
IN qa\’b/
L ”
Non-Inverting Noise Gain:
@ = Rs <Rn/10
Extra Pole in Aol Plot due to R, & CL:
fpo1 = 1/(2:N-R,-CL) Vour/Vin = RFIRI
Vour/Viy High Frequency Noise Gain
Add Noise Gain Zero & Pole in 1/8 Plot: increases to RF/Rn
1/8 DC = RF/RI
1/B Hi-f = RF/Rn (Must intersect Modified Aol at 20dB/Decade)
fpn = 1/(2-:N-Rn-Cn)
fzn = Intersect of +20dB/decade slope from fpn down to 1/ DC value
6.31
6.32 VOUT VlN AC Rn-Cn
Zn (Superposition) 4
Vour Vour Vi
1+RF Rl Rn-Cn 1 B VOUT VIN
6 15 Riso CF
Tim Green

- 17 -



RI

10kQ 100k
1 "N
- | . _ OPA452
1k?1n I - ~ ~
" L
Cn w70, 7~ L
| 82nF | N g,re’?’“m\/ ~ 771%L0nF
Use Superposition: l o\ -
Vo1 = OV(-RF/RI) + V, (RF/Zn) + [1+ RF/(ZN/RI[V,] . L
=V, (RF/Zn) + V| + [RF/(Zn/IRI)] V, v =
[RF/(Zn//R1)] = RF/[ZnRI/(ZN+R1)] 1
= (RF ZN +RI RF)/ ZN RI }
= RF ZN/ ZN RI + RI RF/RI Zn
= RF/RI + RF/Zn
VvV, =-V  (RF/Zn)+V  + [RF/RI + RF/Zn] V
O = VN (RF1Zn) + Vi, + Vi (RFIRI) + V, (RFIzn)
= \jy + Vi (RF/RI)
Vour= Vin [1+(RF/RI)] > Vour/Viy = 1+(RFIRI)
6.32
6.33 Aol DC1 B 10(20dB)
Aol 20dB decade 1 Beta 100 (40dB)
RF Rn fpn fcl IC
Aol IC Aol
V2 Aol
40dB decade fpn
20dB decade 1B fzn 1 B
VOUT VIN DC fcl fcl VOUT VlN Aol
6 15 Riso CF

Tim Green

- 18 -



120 | |
N fpo1 = 1/(2-NR,-CL)
100 |——++HHINGEHHH——HHHH— e+ fPO1= 1/(2 -11:28.70:100nF)
fpo1 = 55.45kHz
80 NN fpn = 1/(2:N-Rn-Cn)
fpn = 1/(2-N-1kQ-82nF)
fpn = 1.94kHz
60 20dB/Decade .
Rate-Of-Closure —————_| fel fzn: Plot graphically from
& > fpn to 1/ DC with
T 40 P +20dB/Decade slope
£ 1B fpn
O] \ fpo1
20 = — fzr/ R | S \\ —HHHH @
1/ DC = RF/RI \ \
20 |1 1/B DC = 100kQ/10kQ = 10 (20dB)
1/B Hi-f = RF/Rn N N
1/B Hi-f = 100kQ/1kQ = 100 (40dB) \
-40
Modified Aol |~
due to CL ]
o B S T T T T T O N Y
1 10 100 1K 10K 100k 1M \1om
Frequency (Hz)
6.33
6.34 Tina SPICE 1 B Aol
Aol
c1&n Ry RF 100k
—ww —A
—<CwB

RI10k LT1G )—l
_E'—_IV\AIAw Py 8

l U10PAS2 VOA
Aol =VOA / VM CT1G

Loop Gain = VFB / VM CL100n
1/Beta = VOA/ VFB

6.34 Tina SPICE

Tina SPICE 6.35 Aol 55.45kHz
1B 20dB 40dB 1.94kHz 194Hz
fcl 20kHz 20dB decade
6 15 Riso CF
Tim Green

- 19 -



i Modified
80.00 — Aol

Gain (dB)

-80.00 [ HHH‘ I \HHH‘ I \HHH‘ I \HHH‘ I \HHH‘ I \HHH‘ I \HHH‘
1 10 100 1k 10k 100k M 10M
Frequency (Hz)

6.35 Tina SPICE Aol 18

6.36 fel 63.24 100Hz  1kHz
45

Loop Gain
Magnitude

Gain (dB)

N
N}
o
=}
S

T T T T T T T
1 10 100 1k 10k 100k im 10M
Frequency (Hz)

E Loop Gain
0.00-] Phase

Phase [deg]

_45.00,: Gain:

] —— loop A:(22.32k;-61.15m)
Phase :

-135.00 | — loop A:(22.32k; 63.24)

-180.00— T — T T T T —
1 10 100 1k 10k 100k iM 10M
Frequency (Hz2)

6 15 Riso CF
Tim Green
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6.36 Tina SPICE

6.37 Vour VinAC
Cl&n Ryt RF 100k
—w A\

o

CL100n

AC Analysis VIN = 1Vp
Transient Analysis VIN = 10mVpk, 5kHz, 10ns rise/fall time

6.37 Tina SPICE Vour Vi

6.38 Vour VinAC
20kHz 50kHz Aol -40dB decade

-20dB decade

40.00 -

20.00 20dB/Decade

0.00-] VOUT/VIN
] Magnitude

40dB/Decade

-20.00

Gain (dB)

-40.00 |
-60.00 |

-80.00]

-100007 \\\\\\‘ \\\H\‘ T \\\\\\‘ \\\\H‘ T \\\\\\‘ T \\\\H‘ T \\\\\\‘
1.00 10.00 100.00 1.00k 10.00k 100.00k 1.00M 10.00M
Frequency (Hz)

180.00—

13500 VOUTVIN

90.00] Phase

45.00 ]

0.00]

Phase [deg]

-45.00
-90.00]

-135.00]

-180.00 T T T T T T T
1 10 100 1k 10k 100k im 10M

Frequency (Hz)

6 15 Riso CF
Tim Green
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6.38 Tina SPICE VOUT V|N

6.39 Vour VN 60

10.00m

VIN

-10.00m —
140.64m —

VOuT

-112.88m

0.00 T 5‘0.00u l‘O0.00u l‘S0.00u 2‘00.00u
Time (s)
6.39 Tina SPICE Vour Vin
e 77 Riso CF
CF 8 Riso

(Tl)  Burr-Brown Tina SPICE Burr-Brown  TI

Tina-TI SPICE
www.ti.com/tina-ti

1 _ Frederiksen Thomas M. McGraw-
Hill 1988

2 Burr-Brown —_— Tobey Graeme Huelsman McGraw-Hill
1971

6 15 Riso CF
Tim Green
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