TLC2872Z, TLC2872Y
Advanced LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS117 — OCTOBER 1992

® Free-Air Operating Temperature D OR P PACKAGE
-40°C to 150°C (TOP VIEW)
® Output Swing Includes Both Supply Rails
® Low Nolse...9nV/Hz Typ atf = 1 kHz 1?"{E
® Low Input Bias Current... 1 pA Typ 1IN+ []
¢ Common-Mode Input Voltage Range Vpp-/GND ]
Includes Negative Rail ‘
® High Unity-Gain Bandwidth . .. 2.2 MHz Typ
High Slew Rate... . 3.6 V/us Typ MAXIMUM OUJ:UT VOLTAGE
® Low input Offset Voltage SUPPLY VOLTAGE
300 lJ.V Typ at TA = 25°C 16

® Macromodel Included TA = 25°C
Vo = Vpp/2
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description

The TLC2872Z is a dual rail-to-rail output
operational amplifier manufactured using Texas
Instruments Advanced LinCMOS™ process.
These devices offer comparabie ac performance
while having better noise, input offset voltage and
power dissipation than existing CMOS operational
amplifiers. In addition, the common-mode input
voltage range is wider than typical standard
CMOS type amplifiers. To take advantage of this

improvement in performance, making this device & //

12
Io = 50 A
10

lo = 500 LA

VOM —Maximum Output Voltage ~V

available for a wider range of applications, V|cR is

specified with a larger maximum input offset 4
voltage test limit of +5 mV. The Advanced 4 6 8 10 12 14 16
LinCMOS™  process uses a silicon-gate Vbp - Supply Voltage -V
technology to obtain input offset voltage stability

with temperature and time that far exceeds that obtainable using metal-gate technology. Also, this technology
makes possible input impedance levels that meet or exceed levels offered by top-gate JFET and expensive
dielectric-isolated devices.

The TLC2872Z, manufactured using Texas Instruments high-temperature process flow, allows extended
temperature operation up to 150°C in a plastic package. This adds extra reliability at the extended temperature
and reduces the need for expensive hermetically sealed ceramic packages.

The TLC2872Z, which exhibits high input impedance and low noiss, is excellent for small signal conditioning
of high impedance sources, such as piezoelectric transducers. In addition, the rail-to-rail output feature with

single or split supplies makes this device a great choice for inputs to ADCs in either the unipolar or bipolar mode
of operation. This feature, combined with its temperature performance, makes the TLC2872Z ideal for
sonobuoys, pressure sensors, temperature controls, active VR sensors, accelerometers, and many other

applications.
AVAILABLE OPTIONS
Viomax PACKAGED DEVICES CHIP FORM
a
TA iy SMALL OUTLINE PLASTIC DIP
AT 25°C )
(D) (P)
—-40°Ct0150°C | 2.5mv TLC2872ZD TLC2872ZP TLC2872Y

The D packages are available taped and reeled. Add R suffix to device type (e.g., TLC2872DR).

Advanced LiInCMOS™ is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA Information Is current as of publication date. : Copyright © 1992, Texas Instruments Incorporated
Products conform to specifications per the tama of Texas Ingouments ¢
testingof o parametars. iy ’ I IEXAS
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description (continued)

The inputs and outputs of this device are designed to withstand 100-mA surge current without sustaining
latch-up. In addition, internal ESD-protection circuits prevent functional failures up to 2000 V. The device is
characterized for operation over the extended (Z) temperature range of —40°C to 150°C.

TLC2872Y chip information

This chip, when properly assembled, displays characteristics similar to TLC28722Z. Thermal compression or
ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with conductive
epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

A Vces
(8)
1IN+ & IS ”
@ 10UT
1IN-—] =
5
) + | 6 2IN+
20UT ®)
- |—— 2IN-
@
Vee-

o
~

CHIP THICKNESS: 15 TYPICAL
BONDING PADS: 4 x 4 MINIMUM
TJ max = 150°C

TOLERANGES ARE +10%.

ALL DIMENSIONS ARE IN MILS.

PIN (4) IS INTERNALLY CONNECTED
TO BACKSIDE OF CHIP.

l|||||'-l|lu|:|u|||||||||||||;l;|;|||a|-|||||;1|||||||||
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Includes both amplifiers and all
ESD, bias, and trim circuitry.

Q8 Q
COMPONENT COUNT?
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

SUPPIY VORAGE, VDD 4 « v v vvennnasanee e enaia st s taa et s ettt 8V
SUPPIY VORAGE, VDD« + v v w e v e v eeenesna et sttt it e st e st -8V
Differential input voltage, Vip (88 NOte 1) . ...oeeiiiniiii e +16 V
Input voltage range, V( (any input, see NOte 2) .......cooiiiiiiiiniinniiiiie e +8V
Input current, I (EACHINPULY ... uu e +5 mA
OUIPUL CUITENE, fO « v et e ettt et s s sttt +50 mA
TOtAl CUITENE INEO VD[4« -« = v e v e emmemmeemasanaaien et et st aaarac et et e +50 mA
Total CUITENt OUE Of VDD —  « vt et at e +50 mA
Duration of short-circuit current at (or below) 25°C (seeNote 3) ............oooiiiiiiiiinnn. unlimited
Continuous total dissipation ...t See Dissipation Rating Table
Operating free-air temperature range, TA  ...covvenirmiriiaiieen i iaaniaaaes —40°C to 150°C
Storage temperature FANGE . .....vveeneneteette i ia it -65°C to 165°C
Lead temperature 1,6 mm (1/16 inch) from case for 108eCoNdS .. iviiirri e 260°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. Differential voltages are at IN+ with respect to IN—, Excessive current will flow if input is brought below Vpp-—0.3 V.

2. Ali voltage values, except differential voltages, are with respect to the midpoint between Vpp + and Vpp-—.
3. The output may be shorted to either supply. Temperature and/or supply voitages must be limited to ensure that the maximum
dissipation rating is not exceeded.

DISSIPATION RATING TABLE
PACKAGE Ta <25°C DERATING FACTOR Ta =70°C TA =105°C Ta =125°C TA = 150°C
POWER RATING ABOVE Tp = 25°C POWER RATING POWER RATING POWER RATING POWER RATING
D 812 mwW 5.8 mW/°C 551 mwW 348 mw 232 mwW 87 mwW
P 1120 mW 8 mW/°C 760 mW 480 mw 320 mW 120 mwW
recommended operating conditions
MIN MAX UNIT
Supply voltage, VDD + +2.2 +8 \Y
Input voltage range, V| VpD-— Vpp+—15 \'
Common-mode input voltage, V|C VpD- Vpp+—1.5 "
Operating free-air temperature, Ta ~40 150 °C
INSTRUMENTS
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electrical characteristics at specified free-air temperature, Vpp =5 V (unless otherwise noted)

TLC2872Z
PARAMETER TEST CONDITIONS Tat MN TYP  MAX UNIT
Vv Input offset voltage 260 300 2500 A\
VA
10 P 9 Full range aoc0| *
Temperature coefficient of input offset 25°C
VIO yoltage o 150°C 2 KVIC
- Vig =0,
Input offset voltage long-term drift VDD+=%25V, IC =1, o
(see Note 4) Vo=0, Rg=50Q 25°C 0.002 uV/mo
| Input offset current 250 0.0008 A
' cu n
10 P Full range 3
25°C 0.001
[TF:) Input bias current 0 nA
Full range 5
0 -03
25°C to to
4 4.2
VicrR Common-mode input voltage range Rg =60 Q, Viglssmv \
Fuli range to
3.5
10H = —20 pA 25°C 495 499
25°C 485 493
) loH =—200 pA
VoH  High-level output voltage Fullrange | 4.756 \
I 1 mA 25°C 425 4.65
OH = Fullrange | 4.26
Vic=25V, loL = 50 pA 25°C 0.01 0.02
25°C 008 0.15
Vic=25V, oL = 500 pA
VoL Low-level output voltage Full range 0.2 v
25°C 0.9 1.5
Vic=25V, loL= 5mA
Full range 2
, v Rl - 10kt 25°C 15 35
Large-signal differential Vic=25V, L=
AVD  yoltage amplification Vo=1Vio4V Fullrange | 10 Vimy
RL = 1 MQF 25°C 175
rid Differential input resistance 25°C 1012 Q
f Common-mode input resistance 25°C 1012 Q
Cj Common-mode input capacitance f=10kHz, P package 25°C 8 pF
20 Closed-loop output impedance f=1MHz, Ay =10 25°C 140 Q
- = 25°C 70 75
CMRR Common-mode rejection ratio ;'C D027V, Vo=25V, dB
s =50Q Full range 70
ksVR Supply voltage rejection ratio Vpb= 44Vto16V, Vic=Vpp/2, 25°C 80 95 B
(AVDD/AVIQ) No load Full range 80
25°C 2.2 3
1 Supply current Vo=25V, No load A
0D pply curren o Full range 3 m

1 Full range is —40°C to 150°C.
¥ Referenced to 2.5 V

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Tp = 150°C extrapolated
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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operating characteristics at specified free-air temperature, Vpp=5V

TLC2872Z
PARAMETER TEST CONDITIONS UNIT
Tat MIN TYP  MAX
o Vo=05Vto25V, RL=10kaH, 25°C 23 38
SR Slew rate at unity gain CL =100 pFt Full range 1 Vius
A Equivalent input noise voltage f-10Hz 250 5 J
UiV I
n q P g o 1KHz 25°C r nVWHz
Peak-to-peak equivalent input f=01t01Hz 25°C 1
V| 8 vV
NP} poise voltage f=0.1t0 10Hz 25°C 1.4 ¥
In Equivalent input noise current 25°C 0.6 fAWHz
Vo=05Vto25V, [Av=1 0.0013%
THD + N Total harmonic distortion plus noise f =20 kHz, Ay =10 25°C 0.004%
RL = 10 k¥ Ay = 100 0.03%
. ] f =10 kHz, R = 10 kO, o
Gain-bandwidth product CL =100 oFE 25°C 2.18 MHz
BoMm Maximum output-swing bandwidth Vo(pp)=2V, Ay=1, 25°C 1 MHz
RL = 10 kQ¥, Cy =100 pF¥
Ay =-1, To 0.1% 25°C 15
o Step=05Vt025Y, | ’
Settling time us
RL = 10 kQ¥,
CL = 100 pFE To 0.01% 26
om Phase margin at unity gain 25°C 50°
RL = 10 kQ¥, Cp = 100 pF¥
Gain margin L L PF 25°C 10 dB
T Full range is —40°C to 150°C.
$ Referenced to 2.5 V
TEXAS Jl’f
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electrical characteristics, Vpp = 5 V, Ta = 25°C (unless otherwise noted)

TLC2872Y
PARAMETER TEST CONDITIONS MIN_ TYP  WAX UNIT
Vio Input offset voitage 300 2500 nv
Input offset voltage long-term drift (see Note 4) Vig =0, Vo =0, 0.002 uV/mo
o Input offset current Rg =500 0.0005 nA
B Input bias current 0.001 nA
0 -03
to to
4 42
ViIcR Common-mode input voltage range Rg =500, Viols5mv ) v
to
3.5
IOH =~20 pA 495 499
VoH  High-level output voltage IOH = —200 pA 485 4.93 v
IoH =—1mA 425 4.65
Vic=25V, loL = 50 pA 0.01 0.02
VoL  Low-level output voltage Vic=25V, loL = 500 pA 0.09 0.15 \"
Vic=25V, IoL= 5mA 0.9 1.5
e - Vig=25V, R = 10kat 15 35
AyD Large-signal differential voltage ampilification Vlg- 1VicaV RL= 1 mat prm VimV
fid Differential input resistance 1012 Q
T Common-mode input resistance 1012 Q
[ Common-mode input capacitance f=10kHz, P package 8 pF
Z5 Closed-loop output impedance f=1MHz, Ay =10 140 Q
CMAR Common-mode rejection ratio ;‘g:&‘g” Voo vg-2sy, 70 75 B
ksVR  Supply voltage rejection ratio (AVpD 4 /AVi0) xg%; d“'“ Vie 16V, Vic=Vop/2, 80 o5 dB
IpD Supply current Vo=25V, No load 2.2 3] mA
T Referenced to 2.5 V
TEXAS *9
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operating characteristics, Vpp =5 V, Ta = 25°C

TLC2872Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
N Vo=05Vi025V, R_=10kat,
SR Slew rate at unity gain CL =100 pFT 2.3 3.6 Vius
V, Equivalent input noise voltage f-10Hz ad WHz
v u
n q P g o1 KHz 3 nVAHz
' Peak-to-peak equivalent input noise voltage f=0.1to1 Hz ! v
-to- i
N(PP) peakeq P g T=0.11010 Hz 14 ¥
In Equivalent input noise current 0.6 tanHZ
Vo=05Vto25V, |Ay=1 0.0013%
THD + N Total harmonic distortion plus noise f = 20 kHz, Ay =10 0.004%
RL =10 kot Ay =100 0.03%
] f=10 kHz, R = 10kat,
Gain-bandwidth product CL = 100 pFt 2.18 MHz
. e . Voppr) =46V, Ay =1
Bom Maximum output-swing bandwidth RLE- 1 ()) wat, Cy. = 100 pFt 1 MHz
Ay=-1, To 0.1% 15
Seftling time g‘fp jgfanm 25V, ps
Cr - 100 pFt To 0.01% 26
Phase margin at unity gain 50°
om - £l ty g R =10 kat, CL = 100 pFT
Gain margin 10 dB
T Referenced to 2.5 V
Texas W
EXAS
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TYPICAL CHARACTERISTICS

Table of Graphs
FIGURE
Vio input offset voltage Distribution 1
avio Input offset voltage temperature coefficient Distribution 2
IiB/lo  !mput bias and offset currents vs Free-air temperature 3
V| Input voltage range vs Free-air temperature 4
VOH High-level output voltage vs Output current 5
VoL Low-level output voltage vs Output current 6,7
VoM Maximum output voltage vs Frequency 8
los Short-circuit output current \\;: E:Jeperi'ayirvt‘:al ::g:rature 190
vs Load resistance 1
AVD Large-signal differential voltage amplification | vs Frequency 12
vs Free-air temperature 13
'bp  Supply current e Fromar temperature i
SR Sewrate Ve Free-ai mporaure i7
¢m Phase margin :: E:%u:::;’citance 12
Gain margin vs Load capacitance 19

NOTE: Alf loads are referenced to 2.5 V.
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TYPICAL CHARACTERISTICS

DISTRIBUTION OF TLC2872Z DISTRIBUTION OF TLC2872Z
INPUT OFFSET VOLTAGE TEMPERATURE COEFFICIENT
20 I ao1 Amplifiors Fr ol I ——
1 Amplifiers From 128 Amplifiers From
5 ;V;"“'i'-;;sv 5 2 Wafer Lots
=2 Vpp =25V
Ta = 25°C 20| o Package
& 15 ® g
) ) Ta = 25°C to 150°C
g ¢
£ 2 15
3 =
E E
3 1 2
o
23 e 10
8 g
[
- ]
-4 a 5
, F
o g e 0 et : -
16 —i.2 -0.8 ~04 O 04 08 12 16 5 -4 -8 -2 -1 0 1 2 3 4 5
V|0 —Input Offset Voltage —mV ay]o — Temperature Coefficient — uv/°C
Figure 1 Figure 2
INPUT BIAS AND OFFSET CURRENTS INPUT VOLTAGE RANGE
VS vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
70 T
r-4 Vpp =25V
| Vic=0 /
% 60 Vo=0
2 Rg=50 Q -
-1
o 50 ;
! VAR
5 a0 2
=
2 e |ff 5
g w ff 2
5 // g
£ 2 T
_é_, // [Te] =
s 10
&
@ —
25 50 75 100 125 150 "s0 -25 0 25 50 75 100 125 150
Ta — Free-Air Temperature —°C Ta - Free-Air Temperature —°C
Figure 3 Figure 4
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TYPICAL CHARACTERISTICSt
HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
Vs Vs
HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT
6 12

T
A Vpp=5V Vpp=5V

| /
TA = 150°C Vig=1.25V / /
5 1

> >
o \\ l /
s 4 g o8
é \ 3- Vig=0 / / /
3 3 Ta =25°C 3 os 7 Vic=25V —
_‘I -l
;5, 2 Ta = 150°C £ o4 / /
L T,
S L 02
0 o
0 1 2 3 4 0 1 2 3 4 5
loH —High-Level Output Current - mA loL — Low-Level Output Current - mA
Figure 5 Figure 6
LOW-LEVEL OUTPUT VOLTAGE MAXIMUM OUTPUT VOLTAGE
vs vs
LOW-LEVEL OUTPUT CURRENT FREQUENCY
14 10 TTTT
Vpp=5V
Vic=25V 9 Vpp=5V
> RL = 10 kQ
>I 2 / { 8 TA =25°C
g’ / / §’
s /7 s 7
-=- TA =150°C / / = ]
a2 08 / g'
8 / o 5
T o vy e )
3 - v , g 4
o} // TA =25°C £
2 ]
3 o4 = = 3 {
- = 2
o O -
> 02 / > ;
~
0 - 0
0 1 2 3 4 5 6 10k 100 k 1M i0M
IoL —Low-Level Output Current —mA f - Frequency — Hz
Figure 7 Figure 8

TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TYPICAL CHARACTERISTICSt
SHORT-CIRCUIT OUTPUT CURRENT SHORT-CIRCUIT OUTPUT CURRENT
vs vs
SUPPLY VOLTAGE : FREE-AIR TEMPERATURE
12 15 T
Vo=0
< 10 < Vpp=5V
E V|D =—-100mV ?
= M~ Vip=-100mV ——
- 8 E
E - g \\
(] 6 o \
s 5 7
g =
=3 =4
S o 8
3 3.
g 2 3
© k1
2 2
a 0 e -
V|p = 100 mV _
.8 _2_vo=° icn) Vip =100 mV
Ta = 150°C s
2 3 4 5 6 7 8 -75 -50 -25 0 25 S0 75 100 125
Vpp +! — Supply Voltage -V Ta — Free-Air Temperature —°C
Figure 9 Figure 10
LARGE-SIGNAL DIFFERENTIAL LARGE-SIGNAL DIFFERENTIAL VOLTAGE
VOLTAGE AMPLIFICATION AMPLIFICATION and PHASE MARGIN
vs vs
LOAD RESISTANCE FREQUENCY
1000 SEE 80 T 180°
: T Ll et VDD = 5 v
— Vo=t1V
Ry =10 kQ
— Ta=25°C 60 ™\ CL=100pF - 135
E= [ Voo=5V U 3 Ta=25°G 138
% E 100 E g A=
1
£ & 5 40— N 90°
$3 i 53 A\ 4m
® 8 T L VD
S £
2E 10 :—__Eég g' g 20 AN ™, 45°
s E s E \ \
P« - Po
a if SO
= U o
[~ )] Qs
g £ N
-20 ~-45°
/
0.1 =40 ~90°
0.1 1 10 100 1k 10k 100k 1M 10M
Ry — Load Resistance — kQ { — Frequency — Hz
Figure 11 Figure 12

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TYPICAL CHARACTERISTICS

LARGE-SIGNAL DIFFERENTIAL
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VOLTAGE AMPLIFICATION SUPPLY CURRENT
vs vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
1k T T 3
Vpp=5V
Vic=25V L //
> Vo=1todV 25 e
EE < Ta=25C |~
§ 5 ~~ £
o 1 \\ 1 2 e
5§ RL=1MQ |~ %
- = Q o
] E L M~ 5 TaA = 150°C ___._—-/
2 E 400 — O 15 |
0 a k. ——
b E s
B3 3
7 8 \‘\ a !
eg 2
& > [— RL=10kQ -
~] 0.5 vers
o =
— No Load
10 0 L
-50 -25 0 25 50 75 100 125 150 0 1 2 3 4 5 6 7 8
Ta — Free-Air Temperature -°C Vpp | - Supply Voltage -V
Figure 13 Figure 14
SUPPLY CURRENT SLEW RATE
VS vs
FREE-AIR TEMPERATURE LOAD CAPACITANCE
3 I | 5 T LB
Vpp=5V Vpp=6V
Vo=25V Ay=-1
TA = 25°C
24 4
: - : S o
g
‘I‘ ) \ = \\\ SR -
8 1.8 I >l 3 NS
S e N N
2 H \ N
g 12 o 2
@ g SR+ N
8 @ \
= AN
0.6 .
N
N
N
0 0
-50 -25 0 25 50 75 100 125 150 10 100 1k 10k
TA — Free-Air Temperature — °C CL - Load Capacitance — pF
Figure 15 Figure 16
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TYPICAL CHARACTERISTICSt

SLEW RATE PHASE MARGIN
vs vs
FREE-AIR TEMPERATURE LOAD CAPACITANCE
5 75° T T TTTT
- | voorsy | I |
[~ —— SR- A= Rpull = 100 Q A
' T o TS P
b Y
’
2 4:\ c Rnult = 50 Q < /
s £
@ a} SR+ \ g 5 D, .
= = Pttt /
3 8 L~ A
5 8 Rpun=20Q [ | ] NN /'
7] 2 ﬂ'. 30° - = V.
1 E iy
& < ‘t\. }
10k n: L1l
N
1 Vpp =5V 15° m -
RL =10 kQ v 10k > Rnuil Rpull=0 -P\D{\
CL =100 pF C CL  Rpuni=10Q !
o Ay=1 0 25y 2y (i 1
_ 10 100 1000 10000

-50 -25 0 25 50 75 100 125 150

TA - Free-Air Tomperature - °C Ci - Load Capacitance —pF

Figure 17 Figure 18
GAIN MARGIN
vs
LOAD CAPACITANCE
15 T LI
Vpp=5V
Ay=1
RL =10 kQ
12 Ta = 25°C
N
»
N

o N

T e 1N

N

[

z N

. E 6 |
] N
(4 \.
1y
S~
3
o
10 100 1000 10000

CL —Load Capacitance — pF

Figure 19

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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macromodel information

APPLICATION INFORMATION

Macromodel information provided was derived using PSpice™ Parts™ model generation software. The Boyle
macromodel (see Note 5) and subcircuit in Figure 20 were generated using the TLC2872Z typical electrical and
operating characteristics at Ta = 25°C. Using this information, output simulations of the following key parameters
can be generated to a tolerance of 20% (in most cases):

¢ Maximum positive output voltage swing ® Unity gain frequency
¢ Maximum negative output voltage swing ® Common-mode rejection ratio
® Slew raie ¢ Phase margin
® Quiescent power dissipation ¢ DC output resistance
® Input bias current ¢ AC output resistance
® Open-loop voltage amplification @ Short-circuit output current limit
NOTE 5: G.R.Boyle, B. M. Cohn, D. O. Pederson, and J. E. Solomon, “Macromodeling of Integrated Circuit Operational Amplifiers”, IEEE Jourmnal
of Solid-State Circuits, SC-9, 353 (1974).
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.SUBCKT TLC2872 1 2 3 4 5 RD1 60 11 2.653E3
€1 11 12 14E-12 RD2 60 12 2.653E3
c2 6 7 60.00E-12 RO1I 8 5 50
pc 5 53 DX RO2 7 99 50
DE 54 5 DX RP 3 4 4.310E3
DLP 90 91 DX RSS 10 99 925,9E3
DLN 92 90 DX VAD 60 4 -—.5
pP 4 3 DX VB 9 0 DCO
EGND 99 0 POLY (2) (3,0) (4,0) 0 .5 .5 VvC 3 53 DC .78
FB 7 99 POLY (5) VB VC VE VLP VLN 0 VE 54 4 DC .78
+ 984.9E3 —1lE6 1lE6 1E6 —l1E6 VLIM?7 8 DC O
GA 6 0 11 12 377.0E-6 VLP 91 0 DC 1.9
GCM 0 6 10 99 134E-9 VIN 0 92 DC 9.4
IS8 3 10 DC 216.0E—6 .MODEL DX D(IS=800.0E-18)
HLIM 90 0 VLIM 1K .MODELJXPJF (IS=1.500E—12BETA=1.316E3
J1 11 2 10 Jx + VTO=—,270)
J2 12 1 10 JX .ENDS
R2 6 9 100.0E3

Figure 20. Boyle Macromodel and Subcircuit
PSpice and Parts are trademarks of MicroSim Corporation.

modets, simulation models, oro
models prov
not earrantsd

byﬂ'“

directly o ind
Ily ropreseminq al ol mo

mleonducw luct to wlch the model Nlm

B 49b1724 0093765 T54 WA

This Materi al

TEXAS “9
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

Copyrighted By Its Respective Manufacturer

2-1087



