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TYPES SN55460, SN75460
’ DUAL PERIPHERAL POSITIVE-AND DRIVERS

schematic SN56460 . .. J
SN75460...JORN
Vee DUAL-IN-LINE PACKAGE (TOP VIEW)
Vee 2A 2Y 28 2 26 SuB
N Wiyl iiniio 9 8
18
1A —g
tC b
G sus
2C
1 2 3 4 5 8 1
1A 1Y hi:] 1C 1€ GND

positive logic: Y = AG {gate oniy}

C = AG {gate and transistor)

Resistor values shown are nominal

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

TTL gates
PARAMETER TEST CONDITIONS' SN SN75460 UNIT
MIN TYP! MAX | MIN TYP! MAX
Vi High-level input voltage 2 2 \
Vi  Low-evel input voltage 08 08 A
Vik  Input clamp voitage Vge = MIN, Iy = -12mA -12 -15 -12 -15 v
VoM High-level output voltage VeCTMIN. i =08V, 0 5, 24 33 v
1o = —400 uA
VoL  Lowdevel output voitage” NVee TMING Vi =2V, 025 05 025 04 v
oL = 16 mA
N anut current at maximum fnpul A Vee = MAX, V) =55V 1 1 mA
input voltage input G 2 2
LTS High-level input current input A Ve = MAX, V)y=24V 40 40 HA
input G ‘ 80 80
L Lowdevel input current MPULA | e MAX, v -04v =16 AL N
input G -3.2 -3.2
l0s  Short<ircuit output current § Ve = MAX -18 -35 55| -18 -35 _55]| mA
IccH Supply current, outputs high Voo = MAX, V=0 28 4 28 41 mA
iccL  Supply current, outputs low Voo =MAX, V=5V 7 1 7 11| mA

TFor conditions shown as MIN or MA X, use the appropriate value specified under recommended operating conditions.

YAt typical values at Ve 5V.T74 25 C
YNot more than one output should be shorted at a time.
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TYPES SN55460, SN75460
DUAL PERIPHERAL POSITIVE-AND DRIVERS

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

output transistors

SNE665460 SN75480
PARAMETER TEST CONDITIONS! UNIT
MIN TYPY MAX | MIN TYPE MAX
V(BRICBQ Collsctor-Base Breakdown Voltage | ic = 100 kA, ig =0 40 40 v
v Collector-Emitter | 10mA. 1 0. See Note 8 % v
- . =0, See Not
(BRICEO Breakdown Voltage ¢ m 8 ° =
v Collector-Emitter . 1004A. R 500 41 © 0 v
{BRICER Breakdown Voltage ¢ HA. Tee
V(BRIEBO Emitter-Base Braakdown Voltage |lg = 100 uA, ic=0 5 5 \Y
VCE=3V, 1Ic=100mA,
CE ¢ 25 25
Ta=25C
VCE=3V, Ic=300mA,
, Ce ¢ m 30 3o
h Static Forward Current Ta=25¢C See
FE Transter Ratio VCE =3V, Ic=100mA, |Note8 10 20
Ta = MIN
VCe=3V, ¢ =300maA,
ce=3 ¢ m 15 25
Ta = MIN
Ig=10mA, ic =100mA O. 1.2 0.85 1
Vgg Base-Emitter Voitage 8 i ¢ o See ad Vv
!B ~30mA, Ic=300mA |Note§ 114 112
v Collactor-Emitter I8=10mA, Ic=100mA | Ses 025 05 026 04 v
CEU gy turation Voltage 18 ~30mA, Ic«300mA |Note 8 045 08 045 07
TFor conditions shown as MIN or MAX, use the seppropriste value specifisd under recommended operating conditions.
tan typical vaiuses sre at Vee =6V, Ta= 26°C.
NOTE 8: These psramaeters must be measured using puise techniques. Tw = 300 ks, duty cycle < 2%.
switching characteristics, Vee =5V, Ta =25°C
TTL gates
PARAMETER TEST CONDITIONS MIN  TYP MAX [UNIT
Propagation deiay time,
PLH 22 ns
low-to-high-level output ¢ 15 oF a 400 12 See Fi 3
d = = r
. Propagation delay time, L pr. L : qure 8
PHL high-to-low-ievel output m
output transistors
PARAMETER TEST CONDITIONS? MIN  TYP MAX [UNIT
‘9 Delay time Ic=200maA, | 20mA, 1 40 mA 10 =
i Rise time Vc i v cemls Fm ‘ Remsou " 18 -
t Storage time BE(ofh il or. t i 23 ns
See Figure 2
71 Fall time 14 ns
;Voluqo and current values shown are nominal. exact values vary shightly with transistor paramiaers.
gates and transistors combined
PARAMETER TEST CONDITIONS MIN  TYP MAX [UNIT
IPLH Propagation delay time, low-to-high-level output . 45 86 ns
tPPHL Propagation delay time, high-to-low-level output Ic *200 mA, C_ = 15pF, 35 50 ns
tTLH Transition time, low-to-high-level output Ry =601, See Figure 3 10 20 ns
ITHL Transition tims, high-to-low-level cutput 10 20 ns
v High-level output voltage after switchi Vs=30V, “dg~300ma, T o
. o —
oH igh-level output voltage after switching Rge = 50011, Ses Figure 4 S mv
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National Digital-to-Analog Converters
Semiconductor

DAC0808, DAC0O807 DACO0806 8-Bit D/A Converters

general description teatures
The DACOBO8 series is an 8-bit monolithic digital-to- ® Relative accuracy: +0.19% error maximum
analog converter (DAC) featuring a full scale output (DAC0808)

current settling time of 150 ns while dissipating only
33 mW with *5V supplies. No reference current {IREF)
trimming is required for most applications since the fuil . .
scale output current is typically *1 LSB of 255 IREF/ Fast settling time: 150 ns typ

256. Relative accuracies of better than £0.19% assure Noninverting digital inputs are TTL and CMOS
8-bit monotonicity and linearity while zero level output compatible

current of less than 4 uA provides 8-bit zero accuracy High speed multiplying input slew rate: 8 mA/us

for IREF > 2 mA. The power supply currents of the Power supply voltage range: +4 5V to + 18V
DACO808 series are independent of bit codes, and ® Low power consumption: 33 mW @ +5V

exhibits essentially constant device characteristics over
the entire.supply voltage range.

Full scale current match: £1 LSB typ
7 and 6-bit accuracy available (DAC0807, DACO0806)

The DAC08B08 will interface directly with popular TTL,
OTL or CMOS logic levels, and is a direct replacement
for the MC1508/MC1408. For higher speed applications,
see DACOBO0O data sheet. ’

block and connection diagrams

Dusd-in-Line Package
L)

158
A) a2 A3 A4 AS A A a3y f ‘ ’ 18
T ? ? T T T ? T W NQTE 2 — b COMPERSATION
RANGE c-o_’. 'Sy
eyl REF(-1
ONTROL CURRENT SWITCHES s ) -
[TTTITIT] I ] [,
N 4 1 v
. S
%2R LADDEA BAS OACUIT cua L oacsses e
L1l
s a1 2 semies 2 aa s
s 11
VRg#) O L a2 — — a7
NP CURRENT 0 vcc , "
SOUACE PAIR 2 — b as
VaeFi) O
ALFERENCE —O comesn sl L
CURRENT AMP
Ve TOP ViEw

typical application Yee

BIGITAL MO~ facoem
weuES s oY

p—0 Y0
ouTrUT

Vo= 10V (M Az, Aa)
o S ta o=
Vg ' 15 2 4 256
FIGURE 1. :+ 10V Output Digital to Analog Converter
ordering information

ACCuRacy | OPERATING TEMPERATURE ORDER NUMBERS*®
RANGE D PACKAGE (D16C} JPACKAGE (J16A) N PACKAGE {N16A}
8-bit -55°C < TA < +125°C DAC0808LD | LM1508D-8 DAC0808LJ LM1508)-8
8bnt 0°C < Ta < +75°C DACO0808LCJ | LM140848 DACOS08LCN | LM1408N-8
7-bat 0°C < TA < +75°C DACOB0O7LCS | LM1408J-7 DACO807LCN | LM1408N.7
6bit 0°C < Tp < +75°C DACO806LCJ | LM14084.6 DACOBOGLCN | LM1408N-6

*Note. Devices may be ordered by using either order number.

311
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M~ . . o )
o absolute maximum ratings (Ta = 25C uniess otherwise noted)
m Power Supply Voltage Power Dissipation {Package Limitation)
O vee $5Vpc Cavity Package 1000 mw
Q VEE -16.5 Vpc Derate above Tp =~ 26°C 6.7 mw/'C
< Digital Input Voltage, V6—-V12 <10 Vpg to +18 Vpg Operating Temperature Rangs
Applied Output Voltage, Vg -11Vpc to +18 Vpe DACO0808L -65°C < Tp < +125°C
Q Reference Current, I14 5 mA DACO808LC Series 0< Tp < +75°C
wn © Retference Amplifier Inputs, V14, V16 Vee. VEE o & Storage Temperature Range —65°C 10 +150°C
8 8 electrical characteristics
O o (Vce =8V, VEg = -15 VDC. VREF/R14 = 2mA, DACOS08L: T = —55°C to +125°C, DACO0808LC, DAC0807LC,
gL <L DACOBO6LC, Ta = 0°C to +75°C, and all digital inputs at high logic level unless otherwise noted. )
Q D PARAMETER CONDITIONS MiIN TYP MAX UNITS
E, Relative Accuracy {Error Relative {Figure 4} %
to Fuli Scale 1)
OACOQ808L (LM1508-8), +0.19 %
DACD808LC (LM1408-8}
DACOBO7LC (LM1408-7), (Note 1} £0.39 %
DAC0806LC {LM1408 6}, (Note 1} 10.78 %
Setthing Time to Withun 1/2 LSB Ta = 25°C (Note 2), 150 ns
{Includes tp ) {Figure 5}
tPLH. Propagation Delay Time TA = 25°C, (Figure 5) 30 100 ns
PHL
TCig Qutput Fult Scale Current Drift £20 ppm/C
MS8 Digitat Input Logic Levels (Figure 3)
ViH High Level, Logic 1" 2 voc
ViL Low Level, Logic 0" o8 vpe
MSB Dignal Input Current (Figure 3)
High Level Vi = SV 0 0040 mA
fow Level Vip - 08V -0 003 -08 mA
hs Reference Input Bias Current (Figure 3) i -5 HA
Qutput Current Range {Figure 3)
VEE - ~5V o 20 21 mA
VEE = -15V. T4 = 25°C 0 20 42 mA
o Output Current VRef = 2000V,
R14 = 100082,
(Figure 3} 19 199 21 mA
Output Current, All Bits Low {Figure 3} o] 4 rA
QOutput Voltage Comphiance Ef<019% T4 25C
Pin { Grounded, —0.55 +04 voe
VEEg Below —-10V -5.0.+04 vpe
SRIREF Reterence Current Slew Rate (Figure 64 8 mAus
Output Current Power Supply -5V < Vgg < -16.5Vv 0.05 27 HA/V
Sensitivity
Power Suppty Current (Al Bits (Figure 3)
Low) .
lcc 23 22 mA
134 -4.3 -13 mA
Power Supply Voltage Range TA = 25°C, (Figure 3)
vece 45 50 55 vpe
VEE ~-45 -15 -16.5 voc
Power Dissipation
All Bits Low VCC = 5V, Vgg = -8V 33 170 mw
VGG = 8V, VEE = 16V 106 306 mw
All Bits High Vee = 18V, VEg = -5V 90 mw
Veg - 15V, VEE = - 15V 160 mwW

Note 2: Ali bits switched.
Note 3: Range controt is not required.

Note 1: Al current switches are tested to guarantee at Jeast 50% of rated current.
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typical performance characteristics
Vee =5V, VEE = ~15V, Ta = 26°C, unless otherwise noted

iy - LOGIC INPUT CURRENT (LA)

POWER SUPPLY CURRENT (mAj
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Typical Power Supply
Current vs Vg
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Veg - POSITIVE POWER SUPPLY (V)

§ T Unless otherwise specified: R14 =
. [LE R15 =1k, C = 15 pF,pin 16 to VEg:
2 1 »l Ry = 5012, pin 4 to ground.
g 3 ™~ Curve A: Large Signal Bandwidth
5 2 NI Method of Figure 7, VRgg = 2 Vp-p
£ N x R oftset 1 V above ground
=2
R A Curve B: Small Signal Bandwidth
RN X Method of Figure 7, Ry = 2508,
< sl 1L C_ VREF = 50 mVp-p offset 200 mV
3 12 5111 above ground.
18 Curve C: Large and Small Signal
" Bandwidth Method of Figure 9 (no
YT 1 3 1 op amp. AL = 500), Rs = 500,
: VREF = 2V, Vg = 100 mVp-p cen-
! FREQUENCY (MH1) tered at OV,
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test circuits

Vee
e )
Vi and 11 apply to inputs A1--AB.
13 he
. O L) Vags The resistor tied to pin 15 is 10 temperature compensate the
HO—:< -ih A bias current and may not be v for all tications
uo—;
DIGITAL | AVO=  aconpg At A2 AL AS A6 A7 AB
weuts | agot] semies Ip=K -—"T*,—s*¥+i*-‘~—*-—
10 vo 2 28 256
o outeur
"0-1-; where K = VREF
AL O~ " R14
o —-
+ : and AN = “17 if Apy is at high levet
v 1"1 AN = 0" if Ay s at low leved
- Vee . o e
FIGURE 3. Notation Definitions Test Circuit
2
[ O SACIZNG
— O 12 uy
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e et
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O
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COUNTER L seais O™
O
fo—
A R—
FIGURE 4. Relative Accuracy Test Circuit
vie
F 14y \
o rav
= 1vge T eyt Wm
13 o
L L e AAA—— vy § CLaw Lever USE Wy TO GND FOR TUAN “0FF"
& I SETTLING T } WEASUREMENT (SEE TEXT)
: ,;io_&w_ :: “ T ) eq IFICURE §) H
> =
3] oacus "0'—‘_‘[_ < .
SEAIES . e FOR SETTLING TiME o 1M TP
10 O MEASUREMENT (ALL 1115 :
~O*0 ml(“:‘!ﬂ Low ;;IHGI" 18 2138
" st N e L0 15 0F
1 1 T -
= = = TAAnsIENT .
1uF ! 1o Resronse i A‘v'u GO
14454 (LOW CAPACITANCE
_E{ £AST RECOVERY DIODE)
= vor =
L FIGURE 5. Tr Resp and Settling Time
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DAC0808, DAC0807,

DAC0806

test circuits (Continued)

Vee
vee
A14 - A1S
13
5 1*
“0—;" 'Vgg; J L
A0 R14
? 15 R1§
A3 Orrf
] 2
MO—‘
DACOS08
O—
0 4 = o .J
uo
A 12 18
At O== -0] R
3 ¢ =
SEE TEXT FOR VALUES OF C
VEE
FIGURE 7. Positive V
FIGURE 6. Referance Current Slew Rate Measurement REF
Vs
Vee Ag
R4
A4 = ATS VREF
1 = e
A!O—sq iA) - 3 " ‘
[ A14 H 1%
A 15 RIS T e —ONe When Vg = 0, 114 = 20 mA
A3 0— vagrg LA a2 Ot 575 hemeam
A4 O .
o] o | Ean
O MO~ acoaam |1 VREF Vs
L) — 3 b—O V vog=|—==—+ 2| (A)R
Ao T oo 50— SERUS € YoT{TRie TR 0
A7 Ot & O
12 1% -
A O=—tg A7 Opod
R 12
t 8 O—4
3 c
— IRERD
SEE TEXT FOA VALUES OF €
Vee . e
FIGURE 8. Negative Ve
FIGURE 9. Progr ble Gain Amplifier or Digital Attenustor Circuit

application hints

REFERENCE AMPLIFIER DRIVE AND COMPEN- t14. For bipolar reference signals, as in the multiplying

- GENEVE

SATION

The reference amplifier provides a voitage at pin 14 for
converting the reference voltage to a current, and a
turn-around circuit or current mirror for feeding the
ladder. The reference amplifier input current, 114, must
always flow into pin 14, regardless of the set-up method
or reference voltage polarity.

Connections for a positive voltage are shown in Figure 7.
The reference voltage source supplies the fuil current

mode, R15 can be tied to a negative voltage corres-
ponding to the minimum input level. it is possibie to
eliminate R15 with only a small sacrifice in accuracy
and temperature drift.

The compensation capacitor value must be increased
with increases in R14 to maintain proper phase margin;
for R14 values of 1, 2.5 and 5 k2, minimum capacitor.
values are 15, 37 and 75 pF. The capacitor may be tied
to either VEE or ground, but using VEE increases
negative supply rejection.

PAPETERIE OK3 ARTS ¢+ METIERS
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application hints (Continued)

A negative reference voltage may be used if R14 is
grounded and the reference voltage is applied to R15 as
shown in Figure 8. A high input impedance is the main
advantage of this method. Compensation involves a
capacitor to VEE on pin 16, using the values of the
previous paragraph. The negative reference voltage must
be at least 4V above the VEEg supply. Bipolar input
signals may be handled by connecting R14 to a positive
reference voltage equal to the peak positive input Jevel
at pin 15,

When a DC reference voltage is used, capacitive bypass
to ground is recommended. The 5V logic supply is not
recommended as a reference voltage. if a well regulated
5V supply which drives logic is to be used as the refer-
ence, R14 should be decoupled by connecting it to
5V through another resistor and bypassing the junction
of the 2 resistors with 0.1 uF to ground. For reference
voltages greater than 5V, a clamp diode is recommended
between pin 14 and ground.

If pin 14 is driven by a high impedance such as a
transistor current source, none of the above compensa
tion methods apply and the amplifier must be heavily
compensated, decreasing the overall bandwidth.

OUTPUT VOLTAGE RANGE

The voltage on pin 4 is restricted to a range of —0.6 to
0.5V when VEg = —5V due to the current switch g
methods employed in the DAC0O808.

The negative output voltage compliance of the D ACCEO8
is extended to —5V where the negative supply voitage s
more negative than —10V. Using a full-scale current of
1.992 mA and load resistor of 2.5 k{2 between pin 4
and ground will yield a voltage output of 256 levels
between 0 and —4.980V. Floating pin 1 does not affect
the converter speed or power dissipation. However, the
value of the load resistor determines the switching time
due to increased voltage swing. Values of R{ up to
5002 do not significantly affect performance, but a
2.5 k€ load increases worst-case settling time to
1.2 ps (when all bits are switched ON). Refer 1o the
subsequent text section on Settling Time for more
details on output loading.

OUTPUT CURRENT RANGE

The output current maximum rating of 4.2 mA may be
used only for negative supply voltages more negative
than —7V, due to the increased voitage drop across the
resistors in the reference current amplifier.

ACCURACY

Absolute accuracy is the measure of each output current
level with respect to its intended value, and is dependent
upon relative accuracy and fuli-scale current drift.
Relative accuracy is the measure of each output current
level as a fraction of the full-scale current. The relative
accuracy of the DACOB08 is essentially constant with
temperature due to the excellent temperature tracking

of the monolithic resistor ladder. The reference current
may drift with temperature, causing a change in the
absolute accuracy of output current. However, the
DACO0808 has a very low full-scale current drift with
temperature.

The DACO808 series is guaranteed accurate to within
+1/2 LSB at a full-scale output current of 1.992 mA.
This corresponds to a reference amplifier output current
drive to the ladder network of 2 mA, with the loss of
1 LSB (B uA) which is the ladder remainder shunted to
ground. The input current to pin 14 has a guaranteed
value of between 1.9 and 2.1 mA, allowing some mis-
match in the NPN current source pair. The accuracy test
circuit is shown in Figure 4. The 12-bit converter is
calibrated for a full-scale output current of 1.992 mA.
This 15 an optional step since the DACOB08 accuracy is
essent'ally the same between 1.5 and 2.5 mA. Then the
DACO08B08 circuits’ full-scale current is trimmed to the
same value with R14 so that a zero value appears at the
error amplifier output. The counter is activated and the
error band may be displayed on an oscilloscope, detected
by comparators, or stored in a peak detector.

Two 8t D-to-A converters may not be used to
construct a 16-bit accuracy D-to-A converter. 16-bit
sccuracy ~oies 2 1otal error of £1/2 of one part in
85538 or =0 20076%, which is much more accurate
™ e I I°3% specification provided by the
DACCECE

MULTIPLY!NG ACCURACY

The DACCBO8 may be used in the multiplying mode
w:th 301 sccuracy when the reference current is varied
over a rarge of 256.1. If the reference current in the
MuitBiy °g Tode ranges from 16 puA to 4 mA, the
addivonat ecror contributions are less than 1.6 yA. This
s weil within B-bit accuracy when referred to full-scale.

A monctomic converter is one which supplies an increase
in current for each increment in the binary word.
Typ:caity, the DACOB08 is monotonic for all values of
referance current above 0.5 mA. The recommended
range for operat:on with a DC reference current is 0.5 to
4 mA.

SETTLING TIME

The worst-case switching condition occurs when all
bits are switched ON, which corresponds to a low-to-high
transition for all bits. This time is typically 150 ns
for settling to within #1/2 LSB, for 8-bit accuracy,
and 100 ns to 1/2 LSB for 7 and 6-bit accuracy. The
turn OFF is typically under 100 ns. These times apply
when Ry < 50052 and Cg < 25 pF.

Extra care must be taken in board fayout since this is
usuaily the dominant factor in satisfactoy test resuits
when measuring settling time. Short leads, 100 uF
supply bypassing for low frequencies, and minimum
scope lead length are all mandatory.
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LF155/LF156/LF157 Series Monolithic
JFET Input Operational Amplifiers

National
Semiconductor

Amplifiers

ey

?n«- . uumlF i
v san

BI-FET Technology

LF155, LF155A, LF255, LF355, LF355A, LF3558 low supply current
LF156, LF156A, LF256, LF356, LF356A, LF3568 wide band
LF157, LF157A, LF257, LF357, LF357A, LF357B wide band decompensated (AVMIN = B)

General Description
These are the first monolithic JFET input operational

amplifiers to incorporate well matched, high voltage
JFETs on the same chip with standard bipolar transistors
{BI-FET Technology). These amplifiers feature low input
bias and offset currents, low offset voitage and offset
voltage drift, coupled with offset adst which does not
degrade drift or common-mode rejection. The devices
are also designed for high slew rate, wide bandwidth,
extremely fast settling time, low voitage and current

noise and a low 1/f noise comer.

Advantages

Replace expensive hybrid and modute FET op amps
Rugged JFETs allow blow-out ee ~andtiing compared
with MOSFET input devices

Excellent for low noise appi:cat.ons wsing erther high
or low source impedance—very ‘ow 1 ¢ zomer
Offset adjust does not degrade dr “ or common-mode
rejection as in most monoktha ampi ¢ ers

New output stage ailows use of ‘arge capacitive loads
(10,000 pF) without stability protiems

Internal compensation and ‘arge  i¥ferential input
voltage._caoabilitv

Applications

Precision high speed integrators

Fast D/A and A/D converters

High impedance buffers

Wideband, low noise, low drift amptifiers
Logarithmic amplifiers

® Photocell amplifiers

® Sample and Hold circuits

Common Features
(LF155A, LF156A, LF157A)

® Low input bias current 30 pA
8 | ow input offset current 3 pA
8 High input impedance 1072
8 Low input offset voltage 1mVv
8 Low input offset voltage temperature 3uv/c
drift
® | ow input noise current 0.01 pA/\/ﬁ
® High common-mode rejection ratio 100 dB
® Large dc voitage gain 106 dB
Uncommon Features
Lr1ssa LFisea SF157A  yirs
{Ay = 5)°
® Extremely 4 1.5 15 us
fast settling
time to
0.01%
® Fast slew
rate 5 12 50 Vus
® Wide gain 25 5 20 MHz
bandwidth
® Lowinput 20 12 12 aVA/Hz

noise voltage

Simplified Schematic
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