






































































































































































































































































































































































































































































































































A.C. Timing Diagram

Timing measurements are made at the following

voltages, unless otherwise specified: -1 0"
CLOCK oo -6V A5V
OUTPUT 20V 8V
1 INPUT 20V 8V
FLOAT av 205V
W (dH)
L'j ' (AD)
] f—
W (d4d) et
Ag-a1s g
——
D (AD)
LC (¢
N, 4 " Y R '
Ro-15 /‘: >\ (e AL 4:’\
r - - Y 44 N
T (0) ] -
N ,——- X x’qh
e
' (D) ! 1 _K"’
Dg.7 T, i T4 K-t ()
=T M OT N
out /C,, g Il
) "
oL (M1 1DH (M1)—] l-— 4= toat
w1 ™ Ve - a
X (¢ |
r DH (RF) IR P N7}
DL (RF )i
R 1
RFSH / o F(C)
: tond _ ]
- ™ LT (MR) DH4 (MRt DRI (MR) 'DHT (MR)—ei );; .
J— VS
MREQ Yacm |ead Py y ™ (Mﬂu‘j/f \--—S‘ )’ ‘~J-.:+'
- T {'w (MRH) ' 4 AN
- DL (RD) 'DH (RO}~ ' i DHT: (RD)~{ —
— ] —
RD AT N T A/
! i ( : L
R& out Rl | 2] | toud Ry
WR - tw (WRL) = —\\ /
WR t=t—'dem | Py e
‘oLt 4R) oL (1R) !
.—~1 DHI (1R)~=] "OH (1R) =] -
J— —l
10RQ e ¢ Mu“‘““i_‘ » N
mr s S ._;
! ‘oLt (RD) T (RO
.1 _\
RD A |
oLa-wR) ) L L
o one ! = /-———
WR ] Sed
SWT) || ™ ‘da
o ——
WATT )
4 ‘0 (W) 15 (HT)
PR
HALT /
sunj| ™ ;
T b
l’ \\
Nmi <
: _ sy | M
w (NML) f
BUSRQ -ceomam’ S
; ['ow sa) -
oL (BA)
BUSAK \L4
s (RS) | W
RESET y o
e
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Absolute Maximum Ratings

Temperature Under Bias Specified operating range *Comment Note  For ZR0-CPU 41l AC and DC charactenstics remain the
o o
3‘;2:32 B’:A’:'a;‘:: 3;\’((:‘4‘71\/50 ¢ Stresses above those listed under “Absolute same for the military grade parts except I
8 Y : Maxsmum Rating™" may cause permanent .
with Respect (o Ground damage to the device. This is a stress rating I = 200mA

Power DlSS'Pa““’n ‘ 1.5W only and functional operation of the device

at these or any: other condition above those
“indicated in the operational sections of this
specification is not implied. Exposure to
absolute maximum rating conditions for
extended periods may affect device reliabihity

Capacitance

Ty =25°C.f=1MHz,
unmeasured pins returned to ground

Z80-CPU D.C. Characteristics

Tp= 0°C 10 70°C. V.o =5V 2 57 unless otherwise specified

Symbol | Parameter . Min. | Typ. | Max. | Unit Test Condition Symbol | Parameter Max Unit
ViLe Clock Input Low Voltage EUR] 0.4S \% (o Clock Capa. itance 3 oF
\'IH(“ Clock Input High Voltage V-6 Vcc+'3 \% Cn Input Capacitance < oF
ViL Input Low Voltage 03 08 v Cout Output Capacitance | 10 pF
VIH Input High Voltuge 20 Vcc A

VoL Output Low Voltage 04 v lo =1 8mA

VoH Output High Voitage 24 vV lon = -2308A ZSO'CPU

Ordering Information

lee Power Supply Cuirent 150 mA
. ;= . C - Ceramic
I Input Leakage Current ‘ 10 HA VIN=O oV P - Plastic
] B , S - Standard 5V =5% 0° to 70°C
ILoH Tri-State Outpur Leakage Currentin Float 10 uA Vour™=4 V., F — Extended SV <5% -40° to 85°C
M — Military SV *10% -55° t0 125°C
oL To-State Output Leakage Current m Fioat -10 uA VOUT=O 4V
D Data Bus Leakage Current in Input Mode +10 HA 0<V|N<Vu_

Capacitance

Tp=257C.1=1 MHz.
unmeasured pins returned to ground

Z80A-CPU D.C. Characteristics

Tp70Cw 707C VTSV S unless otherwase speditied

. . 1
Symbol Parameter Min Tvp Max Unit Test Condition Svmbol Parameter Max Unit E
Vi Clock Tnput Low Voltage -0 2 048 \ Cy Clock Capaitanie 35 pt
Vi Clock Tuput Thigh b oltage Ve -6 Veet3) 0 N Inpss Capan e <l
‘i Enput Low Voltage 0 o> v Corr Output Capacitance tafoph

1

Vin fnput High Vohage 20 A v
Vou Output Low Voltage 04 v lop =1 smA

Vour | Outpst High Voliage 4 A TR S Z80A-CPU

e Power Supply Cuirent 90 200 mA ' Ordering Information

I Input Leakage Current 10 LA VIOV C - Ceramue
. . s N . P Plasuc
II(\H To State Output Leakage Carrentan Foat 10 pA \0(‘ T:_4(.-\“ S _ Standard SV +5% 0% to 70°C
ol Tr-State Output 1 eakage Currentan Flogt -10 I \vOl'T:U BAS
Il b Dyt Bus Leakage Current i Input Mode . *10 LA o<y IN < \'“
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A.C. Characteristics

Z80A-CPU

TA =0°C 10 70°C. Vee = +5V + 5% . Unless Otherwise Noted.

112) 1= tugaH) * ey * Ut Y

U Gem = twor) * ty - 65

12) 1y =1.-70

3]t = tyar) * ;- 50
4] tear = twoL) * 4 - 95
15) tgem =te - 170

16} tgei = twqaL) * 4 - 170

7 tegr= tw(dL) * - 70

8]ty (MRL) = ¢ -30

9] {W(MRH) = ‘w(@H) +1p-20

{10} tW(WRL) = te -30

[11) 1m[=21cn%¢H)vtr-65

Ve

R = 21KkQ

Signal Symbol Parameter Min Max Unit Test Condition
1 Clock Peniod 25 112) usec
@ tw (PH) Clock Pulse Width, Clock High 110 |E] nseu
ty, (®L) Clock Pulse Width, Clock Low 110 2000 nsec
Uy Clock Ruse and Fall Time 30 nse.
' (AD) Address Output Delay 110 nse.
|'_ (AD) Delay to Float 90 nse.
Lyem Address Stable Prior to MREQ (Memory Cycley [l nse. ¢ =
Ag-15 [ Address Stable Prior to TORQ. RD or WR (1'0 Cycle) 77 nse. L = S0pF
s Address Stable from RD. W—R IORQ or MREQ T nsex :
teal Address Stable From RD or WR D During Float (4] nsec
D (D) Data Output Delay 150 nsec
'E (D) Delay ta Float During Write Cycle 90 nse.
1S9 (D) Data Setup Time to Rising Edge of Clock Durning M1 Cycle 35 nseo
DO_-, 1S3 (D) Data Setup Time to Fﬂmg bdge of Clock During M2 1o MS 50 nse. CL =50pt
tdem Data Stable Prior u»_\ii_( (Memory Cycle) 5] nse.
tdar Data Stable Prior to WR (1'0 Cycle) 161 nsec
tedt Data Stable From WR 7
tH Any Hold Time for Setup Time 0 nsec
IDLF (MR) MREQ Deiay From Falling Edge of Clock, MREQ Low 85 nsec
tDH® (MR) MREQ Delay From Rusing Edge of Clock, MREQ High 85 nsec
MREQ 'DH® (MR) MREQ Delay From Falling Edge of Clock, MREQ High 85 nsev ('L = 50pt
w (MRL) Pulse Width, MREQ Low 187 nse:
lw (MRH) Pulse Width, MREQ High 9] nsec
DL (IR) 1ORQ Delay From Rusing Edge of Clock. IORQ Low 75 nsec
ORO 'DL® (IR) IORQ Delay From Falling Edge of Clock, fORQ Low 85 nsec C. = S0pF
{DH® (IR) TORQ Delay From Rusing Edge of Clock, TORQ High 85 nsec L=
IDH® (IR) IORQ Delay From Falling Edge of Clock. IORQ High 85 nsec
'DL4 {RD) RD Delay From Rusing Edge of Clock, RD Low 85 nsec
"D {DL® (RD) RD Delay From Falling Edge of Clock, RD Low 95 nsec C = SOpF
{DH® (RD) RD Delay From Rusing Edge of Clock, RD RD High 8S nsec L=
'DH® (RD) RD Delay From Falling Edge of Clock. RD High 85 nsec
'DL& (WR) E Delay From Rising Edge of (‘lock‘V-_R_Low 65 nsec
WR 'DLE (WR) WR Delay From Falling Edge of Clock, WR Low 80 nsec = SOpF
'DHT (WR) WR Delay From Falling Edge vf Clock. WR High 80 nsec L
tw (WRL) Pulse Width, WR Low (10} nsec
— M1 f :
i DL (M1) _L_d_! Delay From Rising Edge of Clock. M1 Low 100 nsec CL= 50pF
{DH (M1) M1 Delay From Rising Edge of Clock. M1 High 100 nsec
T DL (RF) RFSH Delay From Rising Edge of Clock, RFSH Low 130 nsec =
RFSH {DH (RF) RFSH Delay From Rusing Edge of Clock. RFSH High 120 nsec CL 50pF
WAIT s (WT) WAIT Setup Time to Falling Edge of Clock 70 nsec
HALT D (HT) HALT Delay Time From Falling Edge of Clock 300 nsec CL = S0pk
INT S (IT) INT Setup Time 1o Rusing Edge of Clock 80 nsec
NMI tw (NML) Pulse Width, NM1 Low 80 nsec
BUSRQ {5 (BQ) BUSRQ Setup Time to Rusing Edge of Clock 50 nsec
BUSAK DL (BA) BUSAK Delay From Rusing E@ge of Clock, BUSAK Low 100 nsec (.L = sopF
tDH (BA) BUSAK Delay From Falling Edge of Clock, BUSAK High 100 nsec
SET ts (RS) RESET Setup Time to Rising Edge of Clock 60 nsec
E(C) Delay to Float (MREQ. TORQ. RD and WR) 8¢ | nsec
iy M1 Stable Prior to IORQ (Interrupt Ack.) (RR}] nsec
NOTES: ) . TEST POINT
A. Data should be enabled onto the CPU data bus when RD 1s active. During interrupt acknowledge data £ RO OUTPUT
should be enabled when M1 and TORQ are both active. UNDER TEST
B. All control signals are internally synchronized, so they may be totally asynchronous with respect
to the clock.
C. The RESET signal must be active for a mimmum of 3 clock cycles.
D. Output Delay vs. Loaded Capacitance
TA=70°C  Vec=+5V 25%
Add 10nsec delay for each SOpf increase in load up to maximum of 200pf for data bus and 100pf for
address & control lines. Load circuit for Output
E

Although static by design, testing guarantees Lw(H) of 200 usec maximum
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LINEAR
INTEGRATED
CIRCUITS

TYPES TLO80 THRU TLO85, TLOBOA THRU TLO84A,

TLO81B, TLOB2B, TLO84B
JFET-INPUT OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 12484, FEBRUARY 1977-REVISED OCTOBER 1979
24 DEVICES COVER COMMERCIAL, INDUSTRIAL, AND MILITARY TEMPERATURE RANGES
¢ Low Power Consumption o High Input Impedance . . . JFET-Input
e Wide Common-Mode and Differential Stage
Voltage Ranges ® Internal Frequency Compensation {(Except
e Low Input Bias and Offset Currents TLOBO, TLOBOA)
e Output Short-Circuit Protection ¢ Latch-Up-Free Operation
e High Slew Rate ... 13 V/us Typ

description

The TLO81 JFET-input operational amplifier family is designed to offer a wider selection than any previously
developed operational amplifier family. Each of these JFET-input operational amplifiers incorporates well-matched,
high-voltage JFET and bipolar transistors in a monolithic integrated circuit. The devices feature high slew rates, low
input bias and offset currents, and low offset voltage temperature coefficient. Offset adjustment and external
compensation options are available within the TLO81 Family.

Device types with an “M’ suffix are characterized for operation over the full military temperature range of -55°C to

125°C, those with an “1” suffix are characterized for operation from —~25°C to 85°C, and those with a “C’* suffix are
chararterized for operation from 0°C to 70°C.

TLO8O, TLOBOA
JG OR P DUAL-IN-LINE
PACKAGE (TOP VIEW)

TLO81, TLOS1A, TLO81B
JG OR P DUAL-IN-LINE
PACKAGE (TOP VIEW)

TLOB2, TLO8B2A, TLOB2B
JG OR P DUAL-IN-LINE

PACKAGE (TOP VIEW)

OFFSET
OUT  NULL

COMP Vee. PUT  IN2) N vee. PUT  (N2I Ve PUT INBUT INSUT

ouY Iwm
A’alr”e[sl !”7'6‘5 l]li‘”il

. b b
s

11213« 213 a

1 2113 (14
OFFSET INV. NON  Veem OFFSET INV NON  VeCen OUT INV_ NON VCC-
NULLINPUT INV NULL INPUT INV PUT INPUT INV
NPUT WY neuT N Y
(2l
TLO84, TLOB4A, TLOB4B
TLO83, TLO83A JOR N DUAL-IN-LINE TLO8BS

J OR'N DUAL-IN-LINE

ORW FLAT PACKAGE N DUAL-IN-LINE
PACKAGE (TOP VIEW) (TOP VIEW) PACKAGE (TOP VIEW)
= o N S o o VR
WY Veoe OUTMIT MC OUTRUT Voce  2m0 OUTPUT WPUT WPUT Voo. INRUT  INPUT OUTRUT

weUT WUT - mT Voo
w gple " L4 9 »

“‘i NSLIFIER yatd

AMPLIFIER MO ¢ MLIFIER 4O 3

AMPLIFIER WO 1 AMPLIFIER MO 2

s

" L n 2
AMPLIFIER NO, 1 AMPLIFIER MO 2
7 1 2 3 . s ] ?

NVERT MOWW OFFSET Vor. OFFSET MOWW INVERT OUTPUT INVERT MONIN Voo NONIN INVERT. OUTRUT
WG VERTING NULL WULL VERTNG ING WG VERTING VERTING NG
woUT weT 12 Bz weut weut U meuT T

PINS 8 AND 13 ARE INTERNALLY INTERCOMNECTED

NC-No interna! connection

Copyright © 1979 by Texas instruments Incorporated

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265
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TYPES TLO80 THRU TLO85, TLOBOA THRU TLOB4A,
TLO81B, TLO82B, TLOB4B

JFET-INPUT OPERATIONAL AMPLIFIERS

schematic (each amplifier)

Vees

NONINVERTING P
INPUT

INVERTING P
PUT 128
e ouTPUT
640
OFFSET NULL/COMP (N1} O—— oo — e — — —
>
Bell g
TLOBO ONLY OFFSET NULL (N2) O — ——4 c1 j\
He4
COMP O —|— —— — — — -

[: 3

= !
! !
| 1080 i 1080 2
! i
1 I

Vee- T —

OFFSET OFFSET
- ’:th "‘,:JZL)L C1=18pF ON TLOB?, TLO8B2 TLOB3. TLOB4 AND TLOBS ONLY

COMPONENT VALUES SHOWN ARE NOMINAL
TLO8T AND TLOB3 ONLY

absolute maximum ratings cver operating free-air temperature range (unless ctherwise noted)

TLO8_C
i TLOB_M TLO8_! | TLOB_AC |UNIT
TLO8_BC
Supply voltage, Vcc+ (see Note 1) 18 18 18 \%
Supply voltage, Voc- (see Note 1) -18 -18 -18 V___
Differential input voltage (see Note 2) +30 +30 +30 \Y
Input voltage (see Notes 1 and 3) 15 +15 +156 \%
Duration of output short circuit (see Note 4) Unlimited Unlimited Unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (See Note 5) 680 680 680 mW
Operating free-air temperature range —551t0 125 —251085 0to 70 °c
Storage temperature range —6510 150 | —651t0 150 | —65t0 150 | °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds | J, JG, or W package 300 300 300 °C
Lead iemperature 1/16 inch (1,6 mm) from case for 10 seconds | N or P package 260 260 e
NOTES: 1. Al voltage values, except differential voltages, are with respect 1o the midpoint between Vo4 and Voo
2. Differential voltages are at the noninverting input tarminal with respect to the inverting input terminal.
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less.
4. The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that
the dissipation rating is not exceeded.
5. For ‘operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J and JG packages, TLO8_M chips
are alloy-mounted; TLO8_ 1, TLO8_C, TLO8_AC, and TLO8_BC chips are glass-mounted.
DISSIPATION DERATING TABLE
PACKAGE POWER DERATING ABOVE
RATING FACTOR Ta DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES
J (Alloy-Mounted Chip) 680 mwW 11.0 mW/C 88°C
J (Glass-Mounted Cnip) 680 mW 82 mW/C 67°C TLOBO  TLOBT  TLOS2 TLO83 TLOB4  TLOSS
JG (Alloy-Mounted Chip) 680 mW 8.4 mW/C 69°C TLOB_M 6 46 s 4 LW :
JG (Glass-Mounted Chip) 680 mW 66 mW/'C arc TLo8_! JG. P JG. P 6P AN N .
N 680 mwW 9.2 MW/ C 76°C TLO8_C JG, P JG, P JG, P N J.N N
P 680 mW 8.0 MW/ C 65°C TLOB_AC JG, P JG, P JG, P N J N .
w 680 mw 8.0mW/C 65°C TLO8_BC : JG, P JG,P . J N .
Also see Dissipation Derating Curves, Section 2. *These combinations are not defined by this data sheet.

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265
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TYPES TL0O8O THRU TLO85, TLOBOA THRU TLOS4A,
TLO81B, TLO82B, TLO8B4B
JFET-INPUT OPERATIOCNAL AMPLIFIERS

electrical characteristics, Vee: =215V

TLOS_C
(] TLOB_AC
PARAMETER TEST CONDITIONS? TLO8 TLos-t UNIT
TLOS_BC
MIN TYP MAX | MIN TYP MAX |MIN TYP MAX
'80,'81,'82,'83,'851 3 6 3 6 5 15
Rg = 50 2, TLOB4 3 ) 3 6 5 15
Ta=25°C TLOB_A 3 6
‘81B,'828,'848 2 3
/828, v
Vio Input offset voltage '80.81,82.83,851 - 3 S 20 m
Rg=500, |[TL084 15 9 20
T = full range [ TLOB_A 75
‘81B,'82B,'848 5
Temperature coefficient o
= = \
ayvio of input offset voltage Rg = 50 02, Ta = full range 10 10 10 uv/icc
TLOB_ 1 5 100 5 100 5 200
TA=25°C TLOB_A 5 100 | pA
| Input offset & " ‘818,'828,'84B 5 100
10 nput offset curren TLOB_3 2 10 5
TA = full range [ TLO8_A . 3 nA
) ‘818,'82B,'848 3
TLOS._t 30 200 30 200 30 400
Ta=25°C TLO8_A : 30 200 | pA
. Input bias current§ '81B,'82B,'848 ’ 30 200
18 put bias curren TLOB_ ¢ 50 20 10
Ta = full range | TLOB_A 7 nA
'81B,'82B,'84B 7
Common-mode input TLOB_ % 11 212 +11 +12 =10 211
VicR onmodeIPUt lra=28°c [TL0B_A 11 212 v
voltage range ["818.'828,:848 211 212
. Ta=25C Ry = 10k 24 27 24 27 2427
tputvoltage swing [T = full rarge g 5o n 20 2 20 24 20 24
Ry > 2k, TLO8_ i 25 200 50 200 25 200
Vo =110V, [TLOB_A 50 200
. " . Py BB S9R
Avb Large-signal fin'ffer'emual TA ?5 C 818,'628,'848 50 200 V/imv
voltage amplification R » 2k, TLOB_ 1 15 25 15
Vo =+10V,. [TLOB_A 25
Ta = full range | '81B,'82B,'848 25
By Unity-gain bandwidth _ |Ta = 25°C ] 3 3 3 MHz
N Input resistance Ta=25°C 10'? 10'? 10'? Q
- TLOB_t 80 86 80 86 70 76
CMRR :::t::;mon-mode rejection ?5 Z;:nl::n TL08 A 80 86 a8
A ‘618,828,848 80 86
Supply voltage rejection [Rg > 10 k2, TLOS_3 80 86 BO 86 0 76
KSVR  atio (aVeea/aVig)  [Ta=25°C  LEL08-A 80 86 a8
cce/2V10 A ‘318,828,848 80 86
Supply current No load, No signal,
Ice (per amplifier) T = 25°C 14 28 14 28 14 28| mA
V1/Vo2 Channel separation Ayp =100, Tgx=25°C 120 120 - 120 dB

t an characteristics are specified under open-loop conditions unless otherwise noted. Full range for Tais -55°C to 125°C for TLOS_M;
—25°C 10 85°C for TLOB_I; and 0°C to 70°C for TLO8_C, TLOS_AC, and TLOS_BC.

1 Types T1L.085!| and TLOB5M are not defined by this dats sheet.

§ Input bias currents of a FET-input operational amplifier are normsl junction reverse currents, which sre temperature sensitive as shown in
Figure 18. Pulse techniques must be used that will maintain the junction temperature as close to the arnbient temperature s is possibie.

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265
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TYPES TLO80 THRU TL085, TLOBOA THRU TLO84A,
TLO81B, TLO82B, TLO84B

JFET-INPUT OPERATIONAL AMPLIFIERS

operating characteristics, VCC: =+t15V, Tao = 25°C

TLOB_M ALL OTHERS
PARAMETER TEST CONDITIONS UNIT
MIN  TYP MAX | MIN TYP MAX
SR Slew rate at unity gai Vi=1ov. AL=2ka, 8 13 13 Vi
ew rate at uni n $
@ Cp = 100 pF, See Figure 1 “
1 Rise time Vp=20mv, R =2kQ, 0.1 0.1 us
Overshoot factor Cy =100 pF, See Figure 1 10% 10%
Vi Equivalent input noise voltage Rg =100 Q, f=1kHz 25 25 nV/\/Hz

PARAMETER MEASUREMENT INFORMATION

10k

Vi { -
: ‘1:& pF : L o
L-{(.J ] 2k
b3
Cc=12pF o 9
for TLOBO
and TLOBOA L
FIGURE 1-UNITY-GAIN AMPLIFIER FIGURE 2—-GAIN-OF-10 INVERTING AMPLIFIER
INPUT OFFSET VOLTAGE NULL CIRCUITS
N2
o—
TLOSO dvee =
FIGURE 3 FEED-FORWARD COMPENSATION
FIGURE 4 FIGURE 5

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75285
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TYPES TLO8O THRU TLO85, TLOBOA THRU TLOB4A,
TLO081B, TLO8B2B, TLO84B
JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA
0.5-Hz SQUARE-WAVE OSCILLATOR

RE = 100 kQ
AN
+15V
33k Wiadd
AAA 2 INPUT
TLOB1 )
= JF = +
Cg = 3.3uF I 1 :E1 e
<
= b R1=R2=2R3=1.5MQ
3.3k L c3
f ! S9.1kn Cl=G = =10pF
e 9.
2n R Cr l to = LI,
= 0 Rt
FIGURE 24—0,5-Hz SQUARE WAVE OSCILLATOR FIGURE 25—HIGH-Q NOTCH FILTER
I - vee+
1M -
AAA~ TLOB4t p—O OUTPUT A
v
{ vee-
1uF B
TLO84t [ h
INPUT o——-—l( + e
! | vee- TLO84! “H@——O OUTPUT B
100 k2 ;‘: $100ka v .
1 ok ce-
. AN~ -O Vee+ r—j
< -~{Vce+
100 uF Ty S 100k .
K. I . JL TLO84T D®——OOUTPUT C
= = +
vee-
tor TLOBS
o FIGURE 26-AUDIO DISTRIBUTION AMPLIFIER
6 sin wt 1N4148 18 k2 (See Note A)
? [——-vw—o ~15v
18 pF <
K s 18 pF $ika
(\&c*« +—i€
) 88.4k2 Veed
TLOB2 b J%ch 6 cos wt
P + =]
884k3 Vee- TL08Z | ‘
. 18 pF _‘ vVee— :: 1k
)} ]
15V
1 1N4148 18 kN2 (See Note A)
88.4kQ

Note A® These resistor values may be adjusted for a symmetrical output.

FIGURE 27—-100-kHz QUADRATURE OSCILLATOR

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



TYPES TLO80 THRU TL085, TLOSOA THRU TLOS4A,
TLOS81B, TLOR2B, TL0848B
JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA

wen wua
220 oF 2200F
iC 174
LAY LAY
a o < Mea
Voge Yocs
43 k2 Vi
O—AAA—@ 120F veee 2008 cce
WPUY ,{ _ _
iC P asa aw ¢ K 4 % au
TLOBAt ANA- T AR TLoset A )
. TLose? 4 . TLo8et g .
> + * a
4
s g -3 1550 Vo
vee- Ve

t or TLO8S

SECOND-ORDER BANDPASS FILTER CASCADED BANDPASS FILTER
fo =100kHz, Q =30, GAIN =4 fo =100 kHz, Q = 69, GAIN = 1§

FIGURE 28-POSITIVEFEEDBACK BANDPASS FILTER

b-nd
:L 2.003.¢
QO3 uF
=
APA -3 100k
W0ka 33%a < TREBLE
1€ =
b——O
003 uF ouvPuT
i 0003.F
B
=

FIGURE 29--1C PREAMPLIFIER

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265
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SCHOTTKY! SERIES 14 AND 18
PROMS PROGRAMMABLE READ-ONLY MEMORIES

JUNE 1981
o Titanium-Tungsten (Ti-W) Fuse Link For Re- e Applications Include:
fiable Low-Voltage Full Family Compatible Microprogramming/Firmware Loaders
Programming Code Converters/Character Generators
. . R Translators/Emulators
e Full Decoding And Fast Chip Select Simplify Add .
. ress Mapping/Look-Up Tables
System Design pping p
o P-N-P Inputs For Reduced Loading On System
Buffers/Drivers
S
YPE NUMBER | OLD TYPE NUMBER TYPICAL PERFORMANCE
| NEW T BIT SIZE OUTPUT ANC
o o o . ADDRESS POWER
0°C to 70°C 0°C to 70°C (ORGANIZATION) | CONFIGURATION'
ACCESS TIME | DISSIPATION
I
TBP18SA030 (J, N)4 SN745188 (J,N) 256 Bits O
" 25 ns 400 mW
TBP185030 (J, N)* SN745288 (J, N) (32W X 88) \Y4
TBP14S10 (J, N)* SN745287 (J, N) 1024 Bits v
p— 42 ns 500 mw
TBP14SA10 (J, N)* SN745387 (J,N) (256W X 4B) [
TBP18SA22 (J,N)* SN745470 (J,N) 2048 Bits Q
50 ns 550 mW
TBP18522 (J, N)4 SN745471 (J,N) (256W X 8B) \v4
N 74S4 N 4 i
TBP18542 (J, N) SN745472 (J,N) 096 Bits 4 55 ns 600 MW
TBP18SA42 (J, N)4 SN745473 (J, N) (512W X 88) QO
TBP18546 (J, N)4 SN745474 (J, N) 4096 Bits v
55 ns 600 mW
TBP18SA46 (J, N)* SN74S5475 (4, N) (512W X 88B) Q

A Eor fult temperature parts (-—55°C to +125°C) use suffix MJ. For devices with MIL-STD 883E processing (—565"C 10 +125°C) see page 2-3.
1 Q = open-collector, U = three state.

TBP18SA030, TBP18S030 TBP14S10, TBP14SA10 TBP18SA22, T8P18522 TBP18S42, TBP18SA42 TBP 18846, TBP18SA46

256 BITS 1024 BITS 2048 BITS 4096 BITS 4096 BITS
(32 WORDS BY 8 BITS) (256 WORDS BY 4 BITS) (256 WORDS BY 8 BITS) (512 WORDS BY 8 BITS) (512 WORDS BY 8 BITS)
(TOP VIEW) (TOP VIEW) (TOP VIEW) (TOP VIEW) (TOP VIEW)
o] U @Vec as{ U Evee 4o U Bvee s U Evee 47 U %Vcc
a1z 5 G As[z 5] A7 A1[Z] oLy A1z] i“ an 73] A8
Qz2[s 1] A4 A4ls [ G2 A2[3] ] A6 A2[G] ] A7 A5 3] =] NC
Q3fe 3 A3 A3[e 3 G1 A3[q] [7] A5 A3[4] 7] A6 A4 M
oa[s %Az AO[E 2} Q0 A4fs] [6] G2 A4 5] 7] A5 A3[5] ) G1
asfe ) A1 A1[e] ] Q1 Qo[s] Bl ao [&] B A2[e [%]G3
a7 %)AO A2[7] ho) Q2 a1z [ a7 Q1[5 fs)a7 A1[ 6] G2
GND[e 5JQ7  GND[3] 5] a3 Q:E Glas. Q2[e [15] a6 Ao [e [v] a7
a3fs [z as 3fs [z o5 Qo[s [15) 06
GND [0 M as  GND[w 7] Q4 Q1 [ig] [1s] Q5
Q2 E Q4
GND% 5] Q3

Pin assignments for all of these memories are the same for the J and N packages. See Product Guide, Section 7, for chip carrier pin assignments.
description

These monolithic TTL programmable read-only memories (PROMs) feature titanium-tungsten (Ti-W) fuse links with
each link designed to program in 100 microseconds. The Schottky-clamped versions of these PROMs offer considerable
flexibility for upgrading existing designs or improving new designs as they feature full Schottky clamping for improved
performance, low-current MOS-compatible p-n-p inputs, choice of bus-driving three-state or open-collector outputs, and
improved chip-select access times.

The high-complexity 2048- and 4096-bit PROMs can be used to significantly improve system density for fixed
memories as all are offered in the 20-pin dual-in-line package having pin-row spacings of 0.300 inch (7,62 mm).

Copyright © 1981 by Texas instruments Incorporated

TEXAS INSTRUMENTS 'integrated _ Schottky-Barrier _ diode-

: d by Texas
INCORPORATED instruments. U.S. Patent Number

POST OF FICE BOX 225012 ® DALLAS. TEXAS 75265 3.463,975.
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SERIES 4 AND 18
PROGRAMMABLE READ-ONLY MEMORIES

logic symbols

TBP14S10 TBP18S22
TBP18S030 PROM 756 X 4 PROM 256 X 8
PROM 32 X § 20— 0
a8
A 7+°“ a2 A2 oo
a2 o m e IS
o) 2 P — [
: uy; ° A9 :. b a2 BR N o
NE] W2 AT s]) @ a5 —2 AP—2__ a3
a3 a0 JVRT)
A A7p—2 o RS ;
M— ¢ (14} =, 114}
= _as) o~ ATV G2 — o
§ -5l ag s FRET N
TBP14SA10 TBP18SA22
TBP18SA030 PROM 756 X & PROM 256 X §
o) (31}
PROM 12 X 8 AD o A0 o
) 2) Py L E—Y
W N 02 M Ao
A2 ] 0 - AQ ad AZ——‘: Aoh—® __ op
o 10 R 4 Qp—tl—ar U — .0 e ML) At NI ST
T a2 a2 P =% achld g A = un
At P @ () (9 an AQ o4
0z 0 AQ a3 AS A Qi a3 A5 ——————F a2
“T AF a0 (LTI as 1 as 180 AQ as
Ay —Ag ~ I} (15) (19} AQ (h: Y
PogiE) . A 2] 7 as . A7 — 7 n——“———- 7 o I
9 ey AQ :‘ o “":—,'b' N g "s: ~ L
A9 o [IPALLE oV &t
TBP18S46
PROMSIZX S
® °
TBP18S42 A=z o
A A Th———— a0
{
' PROMSIZX 8 a2 ::: R BT
1] [S1}
a2t A= AV a2
@) avb— o (@) (13)
A1 n AL As AT a3
ar A9l a [ ta
N A2 a2 A A >
s ';IP 0 A L] ol n AT e os
A (1) AT AT [
s =)
as 18 A7) % a8 . Ao,
PV AV os g2l .
18 A e an
AT a4 o S N
S N G218 |
PERTISN P G112
TBP18SA46
et el
PROM 512X 8
TBP18SA42 o_l® A
e o] »
PROM 512 X At a0l ®
18 o
(1) A2 AQ al
a0 ° L)
a2 AQl '" Jepe T o Ao
a2 agp—t a oo — A Ao o
w oy I a2 Py TN
A3 " @ sy
s UL o a0 A—a
) g a1 o a7 aAQ s
um.__4 ) - ] . Ao o
as of_om [ D
JRSEIT) A . m
JPITT) . AQ ar W) o
18 Dnden G120 I

TEXAS INSTRUMENTS
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SERIES ¥4 AND 18
PROGRAMMABLE READ-ONLY MEMORIES

description {continued)

Data can be electronically programmed, as desired, at any bit location in accordance with the programming procedure
specified. All PROMs, except the TBP14S10 and TBP14SA10 are supplied with a low-logic-level output condition stored
at each bit location. The programming procedure open-circuits Ti-W metal links, which reverses the stored logic level at
selected locations. The procedure is irreversible; once altered, the output for that bit location is permanently program-
med. OQutputs that have never been altered may later be programmed to supply the opposite output level. Operation of
the unit within the recommended operating conditions will not aiter the memory content.

A fow level at the chip-select input(s) enables each PROM. The opposite levet at any chip-select input causes the outputs
to be off.

The three-state output offers the convenience of an open-collector output with the speed of 2 totem-pole output; it can
be bus-connected to other similar outputs yet it retains the fast rise time characteristic of the TTL totem-pole cutput.
The open-collector output offers the capability of direct interface with a data line having a passive pull-up.

schematics of inputs and outputs
EQUIVALENT OF TYPICAL OF ALL TYPICAL OF ALL
EACH INPUT OPEN-COLLECTOR OUTPUTS THREESTATE OUTPUTS
Vee
-———e—Vee
58 2 NOM
OUTPUT

INPUT—4 —“—E

_{j"
: 1

Programming circuit not shown

QUTPUT

Programming circuit not shown

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage (see NOte T} . . .. L. L. e e e v
DU VO agE . . . .. . ... . e et e e e 55v
Off-State OUTPUT VOIAGE . . . .. . .. it it e i e e e o it e et e e e e e e 5.5V
Operating free-air temperature range: Full-temperature-range circuits . . ... ... .......... —55°Cto 125°C
C cial-temp e-range Cifcuits . ... .. ........... 0°C1w 70°C
ST0r2ge teMPerattre FaNGe . ... . ... ... ..o o en o e e e —65°C to 150°C
recommended conditions for programming the TBP18S‘, TBP18SA’, TBP14S’, and TBP14SA’ PROMs
MIN NOM MAX| UNIT
Steady state 4.75 5 526
voltage, V Note 1 v
Suply voitage. Ve (see Note 1) Program pulse 9 875 95
input voltage High level, Vi 24 5 v
Low level, Vy, Q 05
i See load circuit
Termination of afl outputs except the one to be programmed
(Frgure 1}
Volitage applied to output 10 be programmed, VOtpr} (see Note 2} 0 025 03 v
D ion of Veg proge ing pulse X (see Figure 2 and Note 3} 15 25 100 us
Programming duty cycle for Y puise 25 35 %
Free-air temperature 20 25 30 | °Cc
T A " .
NOTES: 1. Voitage values are with 10 k ground i. The supply volitage rating does not apply during programming.

2. The TBP18S030, TBPIBSACG30, TBP18SA22, TBP18522, TBP18542, TBP18SA42, TBP 18546 and TBP18SAL6 are supplied with

all bit locations containing a low logic level!, and o ing & bit the outp
TBP14SA 10 are supplied with all bit cutputs at a high logic level, and 9!
3. Progr ing is if the puise as 98 us in

a bit ch.

it to » low logic level.

of the bit to high logic level. The TBP 14510,

TEXAS INSTRUMENTS

INCORPORATED
POST OF FICE BOX 225012 ® DALLAS TEXAS 75265
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SERIES ¥4 AND 18
PROGRAMMABLE READ-GONLY MEMORIES

step-by-step programming procedure for the TBP18SA030, TBP18S030, TBP14S10, TBP14SA10,
TBP18SA22, TBP18S22, TBP18SAA42, TBP18S42, TBP18S46, TBP18SA46

1. Appiy steady-state supply voltage {(VCC = 5 V} and address the word to be programmed.
2. Verify that the bit location needs to be programmed. If not, proceed to the next bit.

3. If the bit requires programming, disable the outputs by applying a high-logic-level voitage to the chip-select
input(s).

4. Only one bit iocation is programmed at a time. Connect each output not being programmed ta 5 V through
3.8 k) and apply the voltage specified in the table to the output to be programimed. Maximum current into the
programmer output is 150 mA.

5. Step Vg to 9.25 nominal. Maximum supply current required during programming is 750 mA.

6. Apply 2 low-logic-level voltage tc the chip-select input{s}. This shouild occur between 1 ps and 1 ms after Voo
has reached its 9.25 level. See programming sequence of Figure 2.

7. After the X pulse time is reached, a high logic leve! is applied to the chip-sefect inputs to disable the cutputs.

Within the range of 1 us to 1 ms after the chip-select input{s} reach a high logic level, V¢ should be stepped
down to 5 V at which level verification can be accomplished.

3. The chip-select input{s] may be taken to a low logic level (to permit program verification} 1 us or more after
VG reaches its steady-state value of 5 V.

10. At a Y puise duty cycle of 35% or iess, repeat steps 1 through 8 for each cutput where it is desired to program
a bit.

11, Verify accurate programming of every word after all words have been programmed using V¢ vaiues of 4.5 and
5.5 valts.

NOTE: Only one programming attempt per bit is recommended.

sv

) ;13 k2

LOAD CIRCUIT FOR EACH OQUTPUT
NOT BEING PROGRAMMED GR FOR
PROGRAM VERIFICATION

FIGURE T — LOAD CIRCULT

VERIFY i._ Ve 3VTYPICAL
NEED TO ﬂ } VERIFY PROGRAM 825V
PROGRAM l l I t REMOVE Vg TO
Vee L EDUCE AVERAGE I
L POWER
b et tustotms ———ov

s m m I—[: Vin

Vie

FIGURE 2 — VOLTAGE WAVEFORMS FOR PROGRAMMING

TEXAS INSTRUMENTS

INCORPORAYED
POST OFFICE BOX 225012 @ DALLAS TEXAS 75265
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SERIES 14 AND 18
PROGRAMMABLE READ-ONLY MEMORIES
WITH 3-STATE OUTPUTS

recommended operating conditions

TBP14S10, TBP18S22 TBP18S030 TBP18S42, TBP18S46
PARAMETER UNIT
MIN NOM MAX MIN  NOM MAX | MIN NOM  MAX
Supply voltage, Ve MJ 45 5 55 45 5 55 45 5 55 v
J N 4.75 5 5.25 4.75 5 625 | 4.75 5 5.25
High-level output current, IoH i -2 -2 -2 mA
J,N 6.5 —6.5 —6.5
Low-level output current, g - 16 20 12 mA
Operating free-air temperature, Ta M) -5 125 =58 125 %5 125 ‘c
LN 1] 70 (] 70 0 70
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
FULL TEMP COMM. TEMP
PARAMETER TEST CONDITIONS? (MJ) (4, N) UNIT
MIN TYP' MAX |MIN TYP' MAX
V|4 High-level input voltage 2 2 \
V)L Low-level input voltage 0.8 0.8 Vv
Vik Input clamp voltage Vee = MIN, lj=-18mA -1.2 -1.2 v
VoW High-level output voltage Ve = MIN. Vin=2V, 24 34 24 32 v
ViL=08v, loH = MAX
Vee = MIN, ViH=2V,
VoL Low-level output voltage 0.5 05 \
ViL=08Vv, foL = MAX
lozH qff-staxe output curreAnt, Vee = MAX, ViH=2V, 50 50 A
high-level voltage applied Vp=24V
lozL Off-state output cum?nt, Vee = MAX, ViH=2V, _50 50| ua
fow-level voltage applied Vpo=05V
Input current at maximum
1y i Vee = MAX, V=565V 1 1| mA
input voltage
Iy High-level input current Vee = MAX, V=27V 25 25| WA
lj  Low-level input current Vee = MAX, Vi=05V -250 -250 [ wA
los Shortircuit output current§| Vce = MAX -30 —100 | -30 -100| mA
Vee = MAX, TBP14S10 100 135 100 135
lcc  Supply current Chip select(s) at 0V, | TBP18S030 80 110 80 110 mA
Outputs open, TBP18S22 110 155 110 155
See Note 4 TBP18542, TBP18S46 120 155 120 155
switching characteristics over recommended ranges of T A and Vc (unless otherwise noted)
ta(A) (ns) ta(s) (ns) tpxz (ns)
Access time from Access time from Disable time from
TYPE TEST CONDITIONS N . ) UNIT
address chip select (enable time) high or low level
MIN TYP!  MAX MIN TYP! _ MAX MIN _ TYP? MAX
TBP14S10MJ 42 75 15 40 12 40 ns
TBP14S10 42 65 15 35 12 35 ns
TBP18S030MJ CL = 30pF for 25 50 12 30 8 30 | ns
TBP18S030 ta(A) and ta(S); 25 40 12 2 8 20 | ns
TBP18522MJ 5pF fortexz, 50 80 20 40 15 35 | ns
TBP18522 See Page 112 50 70 20 35 15 30 | ns
TBP18S42MJ, TBP 18546MJ 55 85 20 45 15 40 ns
TBP18S42, TBP18S46 55 75 20 40 15 35 ns
NOTE: MJ designates full-temperature-range circuits (formerly 54 Family), J and N designate commercial-temperature-range circuits

(formerly 74 Family).
t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
* All typical values are at Vo = 5V, Tp = 25°C.
Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second.
NOTE 4: The typical values of Icc are with all outputs low.

TEXAS INSTRUMENTS

INCORPORATED
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SERIES ¥4 AND 18

PROGRAMMABLE READ-ONLY MEMORIES
WITH OPEN-COLLECTOR OUTPUTS

recommended operating conditions

TBP14SA10, TBP18SA22 TBP18SA030 TB8P18SA42, TBP18SA46
PARAMETER UNIT
MIN NOM MAX | MIN NOM MAX MIN  NOM MAX
Supply voltage, Ve MJ 45 5 5.5 45 5 5.5 45 5 5.5 v
4N 4.75 5 5.25 |4.75 5 5.25 4.75 5 5.25
High-level output voltage, VoR 5.5 5.5 5.5 \Y%
Low-level output current, Ig 16 20 16 mA
Operating free-air temperature, Ta M 55 125 | 55 125 55 125 °C
J.N 0 70 0 70 0 70

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS' MIN TYP* MAX |UNIT
ViH High-level input voltage 2 v
ViL Low-level input voltage 0.8 \
ViK Input clamp voltage Vce = MIN, Iy = 18 mA -1.2 v
\ = MIN,
cc Von=24V 50
1OH High-level output current VIiH=2V, BA
VOoH =55V 100
ViL=08V
\" =MIN, VIH=2V,
VoL  Low-level output voltage cc H 0.5 \4
Vi =08V, IoL = MAX
) Input current at maximum input voltage Ve = MAX, V=55V 1] mA
K High-level input current Vee = MAX, Vy=27V 25 | pA
U Low-level input current Veg = MAX, V=05V —250 | upA
Vee = MAX, TBP18SA030 80 110
Chip select(s) at Q V, TBP14SA10 100 135
lcc Supply current mA
Outputs open, TBP18SA22 110 155
See Note 4 TBP18SA42, TBP18SA46 120 155
switching characteristics over recommended ranges of T A and V¢ (unless otherwise noted)
tPLH
. ta(s) P . .
a(A) . ropagation delay time,
Access time from
TEST Access time from low-to-high-level out-
TYPE chip salect UNIT
CONDITIONS address put from chip select
{enzkle time)
(disable time)
MIN TYPY  MAX | MIN TYP* MAX MIN  TYP®* MAX
TBP18SA030MJ 25 50 12 30 12 30 ns
TBP18SA030 25 40 12 25 12 25 ns
Cy = 30 pF,
TBP14SA10MJ Riq=300Q 42 75 15 40 15 40 ns
TBP14SA10 RL1 - 600 ﬂ' 42 65 15 35 15 35 ns
TBP18SA22MJ s sz vz 50 80 20 40 15 35 | ns
e .
TBPSA22 ° rage 50 70 20 35 15 30 | ns
TBP18SA42MJ, TBP18SA46MJ 55 85 20 45 15 40 ns
TBP18SA42, TBP18SA46 55 75 20 40 15 35 ns

NOTE: MJ designates full-temperature-range circuits (formerly 54 Family), J and N designate commaercial-temperature-range circuits (formerly

74 Family).

t For conditions shown as MIN or MAX, use the appropriate value specified under recommaended operating conditions.

£ All typical values are at Vec = 5V, Tp = 25°C.

NOTE 4: The typical vaiues of Icc are with ail output tow.

TEXAS'INSTRUMENTS
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APPENDIX 2 ENGINEERING DRAWINGS

BLOCK DIAGRAM

LNW80 PRINTED CIRCUIT BOARD SCHEMATIC PAGE 1 OF 4
LNW80 PRINTED CIRCUIT BOARD SCHEMATIC PAGE 2 OF 4
LNW80 PRINTED CIRCUIT BOARD SCHEMATIC PAGE 3 OF 4
LNW80 PRINTED CIRCUIT BOARD SCHEMATIC PAGE 4 OF 4
KEYBOARD SCHEMATIC

EXPANSION BOARD SCHEMATIC PAGE 1 OF 2

EXPANSION BOARD SCHEMATIC PAGE 2 OF 2

LNDOUBLER 5/8 SCHEMATICS

TOP ASSEMBLY LNW80

LNWS0 PRINTED CIRCUIT BOARD COMPONENT SIDE

LNW80 PRINTED CIRCUIT BOARD SOLDER SIDE

LNW80 PRINTED CIRCUIT BOARD ASSEMBLY DRAWING

LNW80 PRINTED CIRCUIT BOARD ASSEMBLY DRAWING
SYSTEM EXPANSION PRINTED CIRCUIT BOARD COMPONENT SIDE
SYSTEM EXPANSION PRINTED CIRCUIT BOARD SOLDER SIDE
EXPANSION FINAL ASSEMBLY DRAWING

LNDOUBLER 5/8 PRINTED CIRCUIT BOARD
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