THREE PHASEZ INDUCTION MOTOR SPEED CONTROL

vt > ¢ a o v
dranlaseery  wie lsaddseiads ghesensnns e 92,1263
[l " q

Mr. ROTPRASERT SATHIENJARUGAN NO. 32.1283

o fa] l »
118 17 2MRuNLL s9a 32.1282 /
q
Mr.WORAWUT WAS INANONT NO. 32.1232
an w ( o v
119877 ASTAL UANI M8 32,1334 /
Miss SIRIRAT SANGTAWEE NC. 32.1334
919158m5 0¥

Wy Anna 9nvITay
q u

ADVISOR

Mr, SUPAKIT JUTAWIRIYA

2MANITANYTR 2 IngAnwn 2535
a1 dsnssa v
AL IAINTTNANANT

IR '] [ v 0
ﬁﬁ?ﬂﬂkﬂﬂlﬂlﬁﬂﬂ?3?ﬂyiﬂﬂﬁL?Tﬂmﬂﬂﬁ?ﬂ?ﬂﬂ?zﬁﬂ
A

* N \

LECTURER IN DEPARTMENT OF ELECTRICAL ENGENEERING

FACULTY OF ENGINEERING

032656



B T

o E=1 "ﬂ <2
s uwug N1 TANYY 2535
a3t i
a ¢ [T o v
AEIAINTTNANANT FO1TWLYA LU 1AEUTLI0NLNAY LANAUNKITANANTEL
9

[}

1599 NITAIANAINNLTIVSIDNANYUNDLNBT 3 LA
1

%éau%mﬁw
g Tsaﬂﬂssxﬂ?j EELTERERRT: WA 32,1263
Mg I MNFuL T%a 32,1282
4. A3%a LAIN? %4 32.1334

91317an 5 N

U3265€



~ £

e s u'w {
NNTAVANARNNLTIYDIDUANSUND L AT 3144
‘

THREE PHASE INDUCTION MOTOR SPEED CONTROL

) ' Tsaﬁﬂsazﬂ?g La3a7§w§n15
W Idu I
CELOH wAon’
Y8 Qnﬁq gﬂvg?ﬂs ananTaRIE N

n17dnen 2535

undaga ‘
a a lu:{] “ ' & A o
ﬂsmmwuuuﬂaunux UNITUHUIAIUYDIIINITAJUANUATINL FIUBLADTLRUGI WY 3 Lﬂﬂ
LTy ‘

o o4 l L] @ »
ﬁﬁalnﬂuﬂ sumnuiAnLsun ﬂBuTﬂﬂ (Adaptive current control) 1“31&170ﬂﬁﬂﬁﬂ1ﬂ
Tﬂ95m1uﬂﬁunn 1ﬂﬂ a1l (close Ioop)lﬂﬂﬂﬁﬁﬁﬁlaﬂ speed sensor ﬂ?i%ﬁﬂﬂlﬁnlgaq%ﬁuﬁ

u .
o” o u @ v ac:c 17 o o o v {v
Lﬂ?HUlﬂBUﬂUﬂ??HL??BWGBGﬂﬂWﬁUﬂ1? uﬂﬁuﬁwﬂﬂﬁilﬂTBULﬂﬂﬂ1ﬂﬂ?ﬁﬂwﬂuﬁﬂﬁmﬂ1mﬁﬁBEQWO
4 35
a ) o~ o i v & y' ¥ Y {
89 AINTULA LHANTI 0L 0NATIAY LAY LADLSUN NTINENET L0 (current transformer
T
"J I:l') 1 E1) 3 % v Y a
HWlﬂ?ﬂuLﬂﬂﬂﬂﬂﬂq%ﬁmﬁﬁﬂuaﬂGﬂﬂﬁlﬂmﬂ way ?UﬂMﬂ?ﬁNMﬂﬂﬂWﬂﬁﬁﬁﬂmmﬂmﬂﬁﬁaﬁlﬁwﬂﬁ JNU
. o

BEATEN  1781A9  (maximum) WA¥ NUSY 19RL99 (minimum vobage) lasn T@Ia¥orn9du

{ é a
L0TLRRTANNNNAY
L



heamt B

THREE PHASE INDUCTION MOTOR SPEED CONTROL

ROTPRASERT SATHIENJARUGAN
WORAWUT WASINANONT

SIRIRAT SANGTAWEE

Mr. SUPAKIT JUTAWIRIYA Advisor

1982

ABSTRACT
This project 1is a development of the control part in 3 phase
adaptive control to obtain an automatic closed loop speed control. The
method 1is achieved by use a speed sensar detect the speed to compare with
the reference side. The instantanecus of the Toad current is compared to
the instantaneocus valu€ of sine wave reference hy current transformer snd

the difference between s maximum voltage and minimum voltadge.
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AN-162

LM2907 Tachometer/ Speed
Switch Building Block
Applications

INTRODUCTION

Frequency to voltage converters are available in a number
of forms from a number of sources, but invariably require
significant additional components before they can be put to
use in a given situation. The LM2907, LM2917 seres of
davices was developed to overcome these objections. Both
input and output interface circuitry is included on chip so
that a minimum number of additional componerts is re-
quired to complete the function. In keeping with the systems
building block concept, these devices provide an output
voltage which is proportional to input frequency and provide
zero output at zero frequency. In addition, the input may be
referred to ground. The devices are designed to operate

. special order in other packages.

National Semiconductor
Application.Note 162

from a single supply voltage, which makes them particy
suitable for battery operation. .

PART 1—GENERAL OPERATION PRINCIPLES

Clrcuit Description )
Refarring to Figure 1, the family of devices all include th
basic components: an input amplifier with built-in hyste
a charge pump frequency to voitage converter; and a ve
tile op amp/comparator with an uncommitted output transis’;
tor. LM2917 incorporates an active zener regulator on-chip,
LM2907 deletes this option. Both versions are obtainabl

14-pin and in 8-pin dualin-line molded packages, and;

gy

LM2907N-8 LM2917N-3
v v
|z 7 6 5 Ia 7 5
' t - T
> - | e
>N >N
+; ' ﬁ 4
I: 2 3 ) ]1 2 3
TL/H/T4S1-1
LM2907N LM2917N
we nec v NC NC
lu ln Iu 13 10 9 ) lu Iu I\z 11 10
ER NN
1 1
p CHARGE PUMP p CHARGE PUMP
~ i
! + l
[ 2 3 [ 5 3 T 1 2 3 [ T
' l NC NIC I l l
TUH/T451-3

FIGURE 1. Block Diagrams
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Hysteresls Amplifier
™e equivalent schematic diagram is shown in Figure 2. Q1
Qi1 comprise the input hysteresis amplifier. Q1
Q4 comprise an input ditferential amplifier which, by
wive of PNP level shifting, enables the circult to operate
with signals referenced to ground. Q7, Q8, D4, and D5 com-
an active load with positive leedback. This load be-
naves 85 @ bi-stable tiip-flop which may be set or reset de-
ing upon the currents supplied from Q2 and Q3. Con-
e the situation where Q2 and Q3 are conducting equally,
La. the input differential voltage is zero. Assuming Q7 to be
ing, it will be noted that the current from Q3 will be-
by Q7 and Q8 will be in the "OFF” state. This allows
e current from Q2 to drive Q7 in parallel with D4 and &
resistor. D4 and Q7 are identical geometry devices, so
mat the resistor causes Q7 to be biased at a higher levei
than D4, Thus Q7 will be able to conduct more current than
03 provides. In order to reverse the state of Q7 and Q8, it
will be necessary to reduce the current from Q2 below that
ided by Q3 by an amount which is established by R1. It
can be shown that this requires a differential input to Q1 and
04, of approximately 15mV. Since the circuit is symmetrical,
e threshoid voltage to reverse the state is 15 m¥ in the
other direction. Thus the input amplifier has buit-in hystere-
<is at 15 mV. This provides clean switching where nolse.
may be present on the input signal, and allows total rejec-
son of noise below this amplitude where thers is no input
signal.
Charge Pump A
The charge pump is composed of Q12 through Q32. R4, RS,
and R6 provide reference voltages equal 1o 1/4 and 3/4 of
supply voltage to Q12 and Q13. When Q10 tums “ON" or
“OFF." the base voltage at Q16 changes by an amount
equal lo the voltage across RS, thatis 1/2 Vce. A capacitor
connected between Pin 2 and ground is either charged by
021 or discharged by Q22 until its voltage matches that on
; the base of Q16. When the voltage on Q16 base goes low,
Q16 tums “ON.” which results in Q18 and Q26 turning on,
- which causes the cument, sourced by Q18 and Q20, to be
shunted to ground. Thus Q21 is unable to charge pin 2.
Meanwhile, Q27 and Q30 are tumed off permitting the
200 pA sourced by Q28 and Q29 to enter the emitters of

by Q22 through Q24 resulting in a 200 nA discharge current
through pin 2. The external capacitor on pin 2 is thus dis-
; charged at a constant rate until it reaches the new base

U

t

i

| nt _

: t= T - . My
Iwhere C= capacitoronpin 2.. .. PR
: V = change in voitage on Q16 base- .

. 1 = currentin Q22 T

]

; During this time, Q32 sources an identical current into pin 3.

031 and Q32 respectively. The current from Q31 is mirrored

.

( A capscitor connected to pin 3 will thus be charged by the -~

L same current for the same amount of time as pin 2. When ..

[ o base voltage on Q16 goes high, Q18 and Q26 are
{ med off while Q27 and Q30 are turned “ON.” In these
i conditions, Q21 and Q25 provide the currents to charge the
1 Qpacitors on pins 2 and 3 respectively. Thus the charge

vottage on Q16. The time taken for this discharge to occuris -—

e

~Input Levels and Protection

required to return the capacitor on pin 2 to the high level
voftage is duplicated and used to charge the capacitor con-
mected to pin 3. Thus in one cycle of input the capacitor on
pin 3 gets charged twice with a charge of CV.
Thus the total charge pumped into_the capacitor on pin 3
per cycle is:
Q=2CV
Now, since V = Vcg/2
then Q= CVcc (3)
A resistor connected between pin. 3 and ground causes a
discharge of the capacitor on pin 3, where the total charge
deained per cycle of input signal is equal to:
V3eT
R
where V3 = the average voltage on pin 3
T = period of input signal
R = resistor connected to pin 3
In equilibrium Q = Q1

4

Q1=

Le., CVgg = V:’R' T @
RC
and V3 = Vgg ® T {5)
or V3 = Vgc® ReCof ()]
where { = input frequency
Op Amp/Comparator

Again referring to Figure 2, the op amp/comparator.includes
Q35 through Q45. A PNP input stage again provides input
common-mode voltages down 1o zero, and if pin 8 is con-

- nected to Vee and the output taken from pin 5, the circuit

behaves as a conventional, unity-gain-compensated opera-
tional amplifier. However, by allowing alternate connections
of Q45 the circuit may be used as a comparator in which
loads to either Vg or ground may be switched. Q45 is ca-
pable of sinking 50 mA. Input bias current is typically 50 nA,
and voltage gain is typically 200 V/mV. Unity gain slew rate
is 02 V/us. When operated as a comparator Q45 emitter
will switch at the siew rate, or the coliector of Q45 wit
swilch at that rate multiplied by the voltage gain of Q45,
which is user selectable.

. Mo Zener Regulator

The optional active zener regulator is also shown in Figwe
2. D8 provides the voltage reference in conjunctiofi with
Q33. As the supply voltage rises, D8 conducts and the base
voltage on Q33 starts to risa. When Q33 has sufficient base

. vokage to be tumed “ON," it in tumn causes Q34 to conduct

current from the power source. This recuces the current

-:*gvadable for D8 and the negative feedback loop is thereby

completed. The reference voltage is therefore the zener

_voitage on D8 plus the emitter base voltage of Q33. This

results in a low temperature cosfficient voltage.

In 8pin versions of the LM2907, LM2817, the non-inverting
input of the op amp/comperator is connected to the output
of the charge pump. Also, one input to the input hysteresis
amplifier is connected to ground. The other input (pin 1)is
then protected from transients by, first a 10k series resis-

421
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SCLAD4EB
SCLA44468

CKi0S PHASE-LOCKED LOOPS

FEATURES

¢ Very low power consumption — 70 W (typ)
@ fo = 10kHz, 5Vdc
4 Operating frequency range (no offset) —
" Up to 3MHz (typ) @ 10Vdc (SCL4A04EB)
Up to 4MHz (typ) @ 16Vde (SCL44468B)
9 Low frequency drift — 0.04%/°C (typ) @ 10Vde
€ Chaice of two phase comparators:
1. Exclusive-OR network
2. Edge-controlled memory network with
phase-pulse output for tock indication
4 VCO inhibit contro! for. ON-OFF keying and
ultra-low standby power consumption
¢ High VCQO linearity 1% (typ)
4 Source-follower output of VCO control input
{Demodulator Qutput)
4 Zener Dicde to.2 ulation
€ Balanced Output Drive Current Specifications

APPLICATIONS

FM demodulator and modulator
Frequency synthesis and multiplicztion
Frequency discriminator

Data synchronizztion
Voltage-to-frequency conversion

Tone decoding

FSK-Modems

Signal conditioning

L X X X 2 B X & J

.

DESCRIPTION

The SCL40468 and SCL4446B phase-locked
loops contain two phase comparators, a voltage-
controtled. oscillator {VCQ), source follower, and
2ener diode. The comparators have two common
jnputs. The 3igns! inout can be used directly
coupled to large voltage signails, or indirectly
coupled {with a series capacitor} to small voltage
signals. The seif-bias circuit -adjusts "small voltage
signals in the linear region of the amplifier. Phase
comparator I {an excluswe OR gate) provides a
digital error signal PCIOU‘, and maintains 90° phase
shift at the center frequency between Signal and
Comparator inputs {both at 50% duty cycle). Phase
comparator I (with leading edge sensing iogic) pro-
vides digital error signals PCILgy¢ and Phase Puises,
and maintains a 0° phase -shift between input
signals (duty cycle is immaterial) .~The linear VCO
produces an output signal VCOgyp whose-frequency
is determined by the voltage of input VCOj, and
the capacitor and resistors connected to pins C1x,
Cig, R1, and R2. The source follower output,
Demod Out, with an external resistor is used:where
the VCOj, signal is needed but no loading can be
1olerated. The inhibit input Inh, when high, cisables
the VCO and source follower to minimize standby
power consumption. The zener diode can be used
to assist in.power supply reguletion. .

CONNECTION DIAGRAM K
{all packages) -

N ZENER DEMOD OUT

VoD Sk 6% A2 A1 NS
. SN TR S O N

16 15 14 13 12 11 10 9 ot

SCL4046B  SCLA444EB 4

i

1. 2 3 4 5 6 1 8

] [T T 1
pCL VCO INH C1  C1 Vgg
ouT ouT {a) (8)
PHASE COMP . .

PULSES IN

Add suffix for pu:kaqe:

C  16-pin Cerdip
D  16-pin Ceramic
E  16-pin Epoxy
F  16-pin Flat

H Chip

RECOMMENDED OPERATING CONDITIONS *
For maximum reliability:
VpD - Vss.
Ta 4

DC Supply Voltage

Operzting Temperature

C, B, F, H Device 5510 +125 ¢C

E Device 4010 +85 €T °
2y .

. T
3t015 Vi
2

*BLOCK DIAGRAM
GO @
i

FrHusl
COMPLRATOR T

CoMPanATOR PHRSE COMP I OUT

——-

PHASE MPII ouT
PHASE 73
COMPLRATOR
”

PHASE PULSES N)_

won
S P 5
S _k‘l.’t’ *

otmoduLator O i

om T wl ;
i
!
1

I3
v
.
%

INMEI T

b
N Vs @ @l(u(n ':s

Fig. 1
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The VCO requires one external capacitor (C1)

SCLA4046B, SCL44468B.

: v
VCO SECTION . //,nyz>%5
TOR OUTPUT). If_this terminal is _used, a load
resistor (Rg} of 50k{2 or more should e

.= gne 1o two external resistors (R1 or R1 and
;-,z_ Resistor R1 and capacitor C1_determine the
\l,.::ugncy range’ of_the VCO and resistor R2 en-
E_;e; the VCO to_have a frequency offset”if re-
“red. 1he high input impedance (10 - <) of the
‘::O simplifies the design of low-pass filters by
oe«mitting the designer _a\wide choice of resistor-to-
zpacitor ratios. In order not to load the low-pass
oer, @ source-follower output of the VCO input
\slage is provided at terminal 10 (DEMODULA-

e "?" S
yyreMeel Lo v, .

The phase-comparator signal input {terminal 14)
cz2n be “direct-coupled provided the signal swing is
within CMOS logic levels [ logic “0" << 30% {(Vpo -
Vsg), logic 1" > 70% {Vpo-Vss! ) fg_;miﬁ;ﬂ

sings the signal must bdtcapacitively coupled’t
The self-Ciasing amplifier at the signal input.

Phase comparator Lis an exclusive-OR network;
it operates analogously to an over-driven batanced
mixer. To maximize the lock range, the signal and
comparator-input frequencies must have a 50%
duty cycle. With no signal or noise on the signal
input, this phase comparator has an average output
voltage equal to Vpp/2. The low-pass filter con-
nected to the output of phase comparator I supplies
the averaged voltage to the VCO input, and causes
the VCO. to oscillate at the center frequency (fo).

The frequency rarige of input signals on which
the PLL will lock, if it was initially out of lock, |
is defined as the frequency capture range {2f).

The frequency range of input signals on which 4

«he loop will stay locked if it was initially in tock is
defined as the frequency lock range (2f). The
capture range can hot exceed the lock range.

With phase comparator L, the range of frequen-
cies over which the PLL can scquire tock {capture
range) is dependent on the tow-pass-filter character-
istics, and can be made as large as the lock range.
Phase-comparator I enables @ PLL system to remain
in lock in spite of high amounts of noise in the in-
put signal.

from this terminal to Vgg. If unused, this terminal
should be left open. The VCO can be connected
directly or through freguency dividers to the com-
parator input of the phase comparators. A full
CMOS logic swing is availsble at the output of the
VCO. A iogic 0 on the INHIBIT input “enables”

the VCO and the source follower, while a logic 1

A

“surns off” both to minimize etand-by power ~

consumption.

PHASE COMPARATORS

One characteristic of this type of phase com-
parator is that it may lock onto inpyt frequencies
that are close to harmonics of the VCO center-
trequency. A second charagteristic is that the phase
angle between the signal and the comparator input
varies between 0° and 180°, and is 90° at the center
frequency. Figure 2 shows the {typical) triangular
phase-to-output response characteristic of phase- |
comparator I Typical waveforms for a CMOS
phase-locked-toop employing phase comparator I
in focked condition is shown in Figure 3.

AVERAGE QUTPUT
VOLTAGE

Voo

Vppr2

! M|

o] 90° [ledd
SIGNAL~TO~- COMPARATOR
INPUTS PHASE DIFFERENCE 3

AVERAGE OUTPUT VOLTAGE —V

Fig. 2 — Phase-comparator I characteristics ;t
low-pass filter output.

PHASE COMPARATORI

Input State

x X

Sig Comp
in In

PCIOut

SIGNAL INPUT (TERM. "”m
VCO OUTPUT (TERM 4)
COMPARATOR INPUT ___J_—I_J——

{TERM 31

PHASE COMPARATOR T m

OUTPUT (TERM. 2} ___
—Vpo

VEO INPUT (TERM.9): S '

LOW-PASS FILTER
OUTPUT —Vss

Fig. 3 — Typical waveforms employing phase comparator 1in locked condition
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SCL4046B, SCL4446B

DESIGN INFORMATION

. - -
This information is a guide for approximating R1,R22 2%, Rg Z10k8d_
me velues of external components for the - C1215pF ’
§cL40468 and SCL 44468 in a Phase-Locked Loop “-in addition to the given design information refer
wystem. The selected external components must be to Figure 5 for R1, R2, and C1 component selec-
within the following ranges: tions. .
S
USING PHASE COMPARATOR L E USING PHASE COMPARATOR L
- o =, - -
VCO WITHOUT' VCO WITH OFFSET 1. -~ [ CO WiTH OFFSEY
CHARACTERISTICS ROU'I’ OFFSET{ o] FSFT - “v.oo WITHOUT OFFSET vco OF
g - . = . !12 - -
VCO Frequency
Taawe
vgpf2 Y20 & voo/2 Yoo von/2 Voo . ¥op‘2  Vpp
VCC INPUT VOLTAGE ¥CO INPUT VOLTAGE VED INPUT VOLTAGE VEO INPUT VOLTAGE
o b i VCO in PLL system will edjust
For No Signal Input ) VCO in PLL system will adjust to center frequency,09 10 lowest operating frequency, fmin
. 2 £ = tull VGO frequency ran -
Frequency Lock Range 2fy * L ¢ '
) . Y 21 = fmax—fmin
Frecuency Capture . |*
Range, 2ic
1 [t -
et 2fp— o . * .
¢ ¥y 110 o
i .
. %
Loop Fitter 3 == fc=f
Component < LA * . .
Selection ar et - -
velec® . -
For 2 (g, see REL. . . Co )
i ."
“ f o v
Phase Angle between 90° at canter frequency ({), approximating €0 and ' ) o AO" ) 4 - .
Signaf and Comparator | 180 at ends of fock range (21 ) Alwys,0" igltes -
Locks on Harmonics of il - S
Center Frequency 3 Yes 3 No
Signal Input’Noise By ¥ . H 3 . ol ) "
Rejection High N . Low .
. ~ Given: fg ~ Given: 1 and fy, — Given: frnax § = Given: fmin & fmax
—~ Use {5 with Fig.52 10 - Calculate {q;p from ~ Calculate {,, from ~ Uie tnjn, with Fip.5b
determine R1 and C1 the equation the equation t0 determine R2andC1
. min = fo — L '- fmax [ 2
- - — Use {min withFig. 5b o — Calculate r—
1
to determine R2 and CH  _ Use f, with Fig.5a 10 ‘ 5
‘e
B fmax determine R1and C1  Uee DB :
vCcOo - Calculate et i Use fmin with Fig.5¢ .
m
Comp?nem - from the equation to determine
Selection . " enax o * 1L . ratio R2/R1 to
- _—— obtain R
fmin fo—fL -
- . 'm.K . B
- milise T with, ;o1 5,
min - PN MAET ¥
. . Fig.5c to determine R R
ratio R2/R1 10 obtain N
R1 Y T
a .
N - . .
e
. . —
Ak
RN
AP

REF. G. S. Moschytz, “Miniaturized RC Filters Using Phase-Locked Loop"‘, BSTJ', May, )965.
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SCL4046B, SCL4446B

——
PHASE COMPARATOR I '
T
1nput State ot | !1
4
i
1
X X i
Sig Comp .
in in s
w 1
3 State 3
PCIT Out o Qutput Disconnecied ! }
Phase Puises o 1 : ') !

SIGNAL [INPUT (TERM. 14} _’—]

Y ™
VCO OUTPUT (TERM 4 )+
COMPARATOR INPUT *

{TERM 3)
PHASE COMPARATOR I . -V
OUTPUT (TERM. 13} e e e —pe - 00
-Vss
-V,
VCO INPUT (TERM. 9} — ! P00
LOW-PASS FILTER ~Vss
OUTPUT 2’y s -Vpo
PHASE PULSE {(TERM. 1} _U U—'Vss

HOTE: DASHED LINE 1S AN GPEN-CIRCUIT CONDITION

Fig. 4 — Typical waveforms employing phase cdmparator II in locked condition.

Phase-comparator II is an edge-cuntrofied digital
memory network. It consists of several flip-flop
stages, control gating, and a ‘three state output
circuit comprising p- and n-type drivers having 3
common output node, When the p-MOS or n-MOS
drivers are ON, they pull the output up to Vpp or
down to Vgg, respectively. This type of phase com-
parator acts only on the positive edges of the signal
and comparator inputs. The duty cycles of the
signal and comparator inputs are not important
since positive transitions control the PLL system
utilizing this type of comparator. If the signal lags
the comparator input in phase, the n-type output
driver is maintained ON for a time corresponding
to the phase difference. |f the comparator input
lags the signal in phase, the p-type output driver is
maintained ON for a time corresponding to the
phase difference. Subsequently, the capacitor volt-
age of the low-pass filter connected to this phase
comparator is adjusted until the signal end com-
parator inputs are equal in both phase and frequen-
cy. At this stable point, both p- and n-type output

«

drivers remain OFF. Thus, the phase compara;or%::
output becomes an open circuit and holds the vo!‘fi";’
age on the capacitor of the iow-pass filter constsn;.;t
Moreover, the signal at the “phase pulses” output is,
a high Jevel which can be used for indicating.3 «
locked condition. Thus, for phase comparator o
no phase difference exists between signal and com-
parator input over the full VCO frequency rangg:"
Moreover, the power dissipation due to the low-#
pass filter is reduced when this type of phase com-""
parator is used because both the p- and n-type-
output drivers are OFF for most of the signal
input cycle. ;
It should be noted that the PUL lock range for,
this type of phase comparator is equal,to the cap-’:'
ture range, independent of the low-pass filter. Witl)’
no signal present at the signal input, the VCO is
adjusted to its lowest frequency for phase com:
perator . Figure 4 shows typical waveforms for
a CMOS PLL employing phase comparator I in 3 |
locked condition, . -
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m SEMICONDUCTOR IS

TECHNICAL DATA

EIGHT-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

. . . designed for use where the output current is a linear product
of an eight-bit digital word and an analog input voitage.
® Eight-Bit Accuracy Available in Both Temperature Ranges
Relative Accuracy: *0.19% Error maximum
{MC1408L8, MC1408P8, MC1508L8)
e Seven and Six-Bit Accuracy Avaitable with MC1408 Designated
by 7 or 6 Suffix after Package Suffix
Fast Settling Time — 300 ns typical

Noninverting Digital lnputs are MTTL and
CMOS Compatible

e Output Voltage Swing —~ +0.4 V 10 -5.0 V
High-Speed Muitiplying Input
Slew Rate 4.0 mA/us

® Standard Supply Voltages: +5.0 V and
-50V w0 -15V

" MC1408
MC1508

EIGHT-BIT MULTIPLYING
DIGITAL-TO-ANALOG
CONVERTER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

L SUFFIX
CERAMIC PACKAGE
CASE 620
P SUFFIX
PLASTIC PACKAGE Rl i
CASE 648 A i

FIGURE 1 — D-to-A TRANSFER CHARACTERISTICS

1o, QUTPUT CURRENT (mA)

{00000000)

, (11111131}
INPUT DIGITAL WOROD

FIGURE 2 — 8LOCK DIAGRAM

LS8
A1Q 220 A30 a40 ASO ABQ ATQ A8
RANGE s |6 {7+ 8 s o Tu le

CONTROL —ig
10— Currant Switches —Qa
- T
NAREEEEN !
l A 2R Lacger Bias Circurt 2
GNO
Veeh o) r
oy 13
; Reference Vece
15 Ot ¥ Currant
Veetta Amphitier
18
? fcomeen
vee b3

NPN Current
Source Par

3
* Tracking A-t0-D Convertars

* Successive Approximation A;to-D Converters
* 2 1/2 Digit Panet Meters and DVM's

¢ Wavaform Synthesis

¢ Sample and Hold

* Peak Detector

# Programmable Gain and Attenuation

e CRT Character Generation

TYPICAL APPLICATIONS

Audio Digitizing and Decoding
Programmable Power Supplieg
Analog-Digital Mutripl icaqon\'
Digitai-Digital Multiplication
Analog-Digitat Division

Oigital Addition and Subtraction
Speech Compression and Expansion
Stepping Motor Orive

MOTOROLA LINEARANTERFACE DEVICES

6-15

.




MC1408, MC1508

MAXIMUM RATINGS (Tp = +257C uniess otherwiss notec.)

Note 1. All current switches are tested to guarantee at least 50% of rated output current.
Note 2. All bits switched.

4 Rating Symbol Value . Unit EON L
~Power Supply Voltage Vee +5.5 Vde
Veg -16.5
Digitat Input Volitage Vg thru Vq2 Q1o +56.5 Vdc
Applied Quiput Voltage Vo +0.5,-5.2 Vdc
Reference Current l1a 5.0 mA 33,1
Referance Amplifier Inputs Viavis Voo VEE Vde "
Operating Temperature Range Ta o¢ ‘;;
MC1508 -55 to +125 e
MC1408 Series Oto +75 %
-
Storage Temperature Range Tstg -66 10 +150 °c 3
- *x
5 ty
.
Vref
ELECTRICAL CHARACTERISTICS (Ve = +5.0 Vde, Vgg = -15 Vde, s " 2.0mA, MC1508L8: Tp = -55°C to +125°C. !
MC1408L Series: Ta=0to +759C unless otherwise noted. All digitat inputs at high logic leval.} 1
Characteristic Figure Symbol Min Typ Max Unit
Retative Accuracy (Error relative to full scale 10} 4 E, %
MC1508L8, MC1408L8, MC1408P8 - - 2019
MC1408P7, MC1408L7, See Note 1 - ~ +0.39
MC1408P6, MC1408LE. See Note 1 - - *0.78
Settting Time to within £1/2 LSB [includes tpy 14 ){T A=+25%C) See Note 2 5 tg - 300 - ns
k Propagation Delay Time 5 PLHAPHL - 30 100 ns
Ta = +25°C

Output Full Scale Current Drift TClg - -20 - pPM/OC

Digital Input Logic Levels (MSBI 3 Vdc
High Levei, Logic 1" ViH 2.0 - - 1
Low Level, Logic 0" - ViL - - 0.8 ‘

Digital Input Current (MSB) ) 3 mA |
High Level, Vily = 5.0V Iy - 0 0.04 |
Low Level, Vi =08V 1 : liL - -04 -0.8

Reference Inout Bias Current {Pin 15) 3 15 - -1.0 -5.0 uA 1

!

Outout Current Range 3 10R mA :
VEg =-50V 0 2.0 2.1 .
Veg = -15V, T = 25°C Q 2.0 4.2 "a |

Qutput Current 3 1o - mA
Vigf = 2.000 V, R14 = 1000 22 1.9 1.99 2.1 |

Ouiput Current 3 LO{min} - ] 4.0 HA i
{All bits low)

Outout Voltage Compliance (€, £0.19% at Ty = +25°C) 3 Vo Vdc '
Pin 1 grounded - - -0.55, ~0.4 |
Pin 1 open, Vg Below -10 V v - -5.0, ~0.4 |

Refzrence Current Siew Rate 6 SR 1ot - 4.0 - mAtus l

Output Current Power Supply Sensitivity PSRR(-) - 0.5 2.7 uAlV ;

Power Supply Current 3 lec - +13.5 ] +22 mA
(Al bits towl leg - -7.5 -13

Power Sunply Vottage Range 3 VCeR +4.5 +5.0 +5.5 Vde
(Tp = +25°C) VEER -4.5 -15 "-16.5 |

Power Dissipation R 3 P mw ‘
All bits low '

Vgg = -5.0 Vae - 108 170" . |
Veg = -15 Vde - 190 305 |
All bits high 1
Veeg = -5.0 Vde - 90 - i
Vgg = -15 Vdc - 160 - l

)

MOTOROLA LINEAR/INTERFACE DEVICES
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MC1408, MC1508

TEST CIRCUITS
FIGURE 3 — NOTATION DEFINITIONS TEST CIRCUIT
- : vee
I
}'SC Tyeicat vaiver: R1s=AIS= 1K
1 Vet **2.0V
fra C=15pF V| and |y aoply 1o inputs Al
5 14 -— R14 . theu A8
A Vref (¢
a2 08 The resistor tiea 10 pin 15 ig to temperature compensate the
230 7 s ‘18 bias current and mav not be necessary for all applications.
] 1 RIS L
oigiat ) A4 meia0s [T 1 T Al A2 A3 A4 AS A6 A7 A8
tnputs } AS O—f Seri 2 lo= K . + + + - - + }.
eries —0——1 —_ e — — p— ——— —_ —_
as oY mcisos |4 L Vo 2 a 8 16 32 64 128 256
11 Quwut ¢
AT O 16 -— where K 2 120
A8 o—| to R1a
Ry
sy I if Ay is at high tevel -
vi} ; it Apg is ot low teval
=0 (Ses taxtfor ~
€& e vatues of C)
FIGURE 4 — RELATIVE ACCURACY TEST CIRCUIT
MSB
Al
. A2
a3 128kt %
——————0—{ A4 ar 0ta »10 V Outout
AS Convarter
e ol VYA
{£0.02%
A8 errar man) -
——0—{ A7 5k
—o—{ a8
A9 A10 AT A2
LS8
S0k
say  O1uF L l
100 T Lo Error 1YV = 1%)
950 x
Ria ¢ & MC1886
mse 2 i3
[)
6
> 7
8 MC1408 Seri B 3
8-Bit Counter o Mc1so;r i o
S_—_ 19 -
n
| o & WA\ J3 L Ta
Ls8
~ W}' 3 ii :t
w | el
= Ve
FIGURE 5 — TRANSIENT RESPONSE and SETTLING TIME
orur VCC 2av !
— . *n AV
aav -l—/
"0 Nae TPHL " tPLH K10 s
e MO~ [RAY — tnternat Use Ry, to GNO for
15 1 SETTLING TIME Clamo Levet turn ot
NG AL I"-‘ uE g tor Figure 8 measurament Lies textl,
mcrsos (2, L TN T .
ol = f ] — +
Series 5 For settling ime N =
mcrsos |16, "7 messurement. g~ 300 ns tyoizal
. (AN bits switcned . twev2Lss |
" fow to high} ’
1528 RCo S8 oF o | '
0.1 uF 3 rnmnsxew: oA «son
RESPONS 4 esmarecnD
_L. s100 T -
Vge mv — LM —Hy
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MC1408, MC1508

TEST CIRCUITS (continued)

FIGURE 8§ — REFERENCE CURRENT SLEW
RATE MEASUREMENT

Vee

140

MC1408 2 : l . 1
10] ories 4 .

S
71| Mcisos  fig

12
Lo
- Scape
1% 0 F Ry =50
3
Vee - -
dt 1 av 10% e
L}
- — — 90%
gt R @ 2.0ma
Slawing E
Time .
FIGURE 7 — POSITIVE Vo¢
Vee
I'J R14 = R15
uds_. P
& 14 Ala
A2 O—rt —0-—-—41:]——0(0) Vigt S0
7 15
A3 0—
8 1 RS
AL Qe
9 | MCis08 2
A50="-1 gerer .
4 =
as g0 Mciscs :
O .
a0l 18
12 . See taxt tor values of C. .
{80 c
El
Vee
FIGURE 8 — NEGATIVE V,of
Vee
lﬂ R14 = R1S
ato®
R14
azct 14
AJoZ_. ——‘-50-——-w—_g|_) Voot
A1
P , ! e
9 | mC1a08 2 l
Aas Sering A
as o0 ] mcisos bt .
1 18, 'O T
A7 O—f .
12 Sew taxt for values ot C,
A8 c
T___I
Vee
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[EATURES

{ Internally Synchronous for High Speed
t Asynchronous Presst Ensble

t Asynchronous Reset

{ Logic Edge-Clocked Design

{ 6MHz Counting Rate @ 10Vdc

¢ Carry Output for Cascading Stages

DESCRIPTION

The SCL4516B consists of a fourstage Up/
pown Counter with provisions for “|ook-ahead”
wrry in both gounting modes. The inputs consist
of a single Glock, Carry-in {Clock Enablel, Reser,
Up/Down, Preset Enable, and four individual Jam
signals. Four separate buffered Q signals and a
Carry-out sianal are provided as outputs

A high Preset Enable signal allows information
on ithe Jam inputs 1o preset the countef 10 any
state asynchronously with the Clock, A high on the
Reset line resets all stages 10 the *‘zero” mate. The
counter is advanced one count at the positive

wansition of the Clock when the Carry-in and

Preset Enable signals are low. Advancement is
inhibited when the Carry-in or Preset Enable
signals are high. The Carry-out signal is.normally
high and goes low when the counter reaches its
maximum £ount in the Up mode or the minimum
count in the Down mode, provided the Carry-in
signal is low. The Carry-in signal in the fow state
tan thus be considered a “Clock Enaple.”” The
Carry-in terminal must be connected 10 Vs when
rot in use. .

The counter counts Up when the Up/Down
input is high, and Down when the Up/Down input
i low. Multiple packages can be connected. in
tither a parallel-clocking or 2 ripple-clocking ar-
rangement. Parallel clocking provides synchronous
control and hence faster response from ell counting
outputs. Rippie-clocking ailows for longer ciock
input rise and fall times,

This counter finds primary use in up/down and
gifterential counting and frequency synthesizer
spplications. It is also useful in- A/D and D/A
conversion and for magnitude snd sign generation.

TRUTH TABLE

JU— PRESET

CaRAY iN| UPIDOWN | ENABLE RESET| ACTION
1 > [ ) No Count
L ' 0 0 Count UL
o (] [ Q Count Down
» IS 1 o Frosmd
HY x ES 1 Resey

e Don't Cave

5 BINARY UP/DOWN COUKTER

CONNECTION DIAGRAM

XTmMmMooO

{ail packages)
Vpp CL Q3 P3 P2 Q2 WD R
! J 1 | | | ]
16 15 14 13 12 11 10 9
SCL45168
1 2 3 4 5 6 7 8
| ! T T I
PE Q4 P2 P C! 01 CO Vgg

Add sutlix for package:

16-pin Cerdip
16-pin Ceramic
16-pin Epoxy
16-pin Flat
Chip

RECOMMENDED OPERATING CONDITIONS

For maximum reliability:

DC Supply Voltage
Operating Temperatu
C. D, F, H Device
E Device

Vpp-Vsgs . 31015 Vde

re TA
.55 t0 +125 ©C

4010485 ©C

BLOCK DIAGRAM
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scL45168
. ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS'

1 ® 1
PARAMETER Voo | cONDITIONS |—TLO% 1BC TrigH” | uniu
{Vde) Min. | Max. | Min. | Typ. | Mex. | Min. Max.
QUIESCENT DEVICE CURRENTlipp
’ § Vin*VesorVoo | — 5 - 10.05 5 - | 150 {umade
10 | Al valid input - 10 - {03 10 - 300
15 | combinations - -] 20 - |02 20 - 600
B NOTES: | Remaining Sratic Efectrical Characteristics are listed under ~SCL4000B Series Family Specifications”.
3 Tiow =-55CtorC, D, F. H device.
¢ a -40°C tor E device.

« +125°C for C, D, F, H device.
=+ 85°C for E device.

DYNAMIC CHARACTERISTICS (C. = 50pF, To = 25°C)

Triow

PARAMETER l (‘\’/gg) Min. I Tye. | Max. ! Uniu
CLOCKED OPERATION
PROPAGATION DELAY TIME L. 1ML
Clock 1o Q 5 - 325 650 ns
. 10 - 125 250
T 15 - 100 200
Ciock 10 Carry Qut 5 - 325 650 ns
, 10 - 125 250
4 15 - 100 200
- Carry in to Carry Out 5 - 175 350 ns
. . 10 - 75 . 150
) 15 - 55 110
p OUTPUT TRANSITION TIME ® s ’
- . 5 - 130 260 ns
~ - i . 10 - 65 130
5 15 - 50 100
£ MINIMUM CLOCK PULSE WIDTH [
7 5 - 170 o340 ns
R . 10 - 85 170
N . 15 - 70 . 140
. MAXIMUM GLOCK FREQUENCY fer
5 1.5 3.0 - MH2
5 10 3.0 6.0 -
: . . 15 4.0 8.0 -
. MAXIMUM CLOCK-RISE AND FALL TIME! Lew lieL
N . 5 is - - HS
! : 10 18 Y -
t 15 15 - - -
: MINIMUM SETUP TINE Lap
Cutey' in . 5 - 130 . 260 ns
. 10 - 65 130
) . 15 - 50 100
Up/Down . 5 - 250 500 ns
10 - 100 200
15 - 75 150
& PRESET OR RESET OPERATION
PROPAGATION DELAY TIME oL tPHL e .
Prese1 Enable or Reset 10 Q 5 s 325 650 ny
. . 10 - 125 250
. 15 - 100 | 200
Preset Enabie or Reset to Carry: Out 5 - 410 g20 ns
: 10 - 165 33
. 15 - 130 260
MINIAUM PRESET ENABLE OR RESET
PULSE WIDTH PWpg, PWA
| 5 - 100 200 ns
10 - 50 100
15 - 40 82
PRESET ENABLE OR RESET REMOVAL TIME |tem
s - 325 650 ns
10 - 10 220
15 - . 90 180

of the clock input should be equal 10 of

' when units ate cascaded, the meximum rise and fall times
inputs, pius the propagation delay of

Jless than the tansition times of the dats ouipuly driving dats
the output driving stage 1or the output capacitive 108d.

. - DEMUAE e g



SCL4s5168
Vou. DRAIN YOLTAGE [ves)
20 18 <16 -4 12 10 £ £ < -2 0 s
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. i : 2 S 10— { :
T 7 'g 2 — s 1. ¢
1 1 A
. ! 1.=25c4 & 0 2 4 6 £ 10 1Z 4 16 18 20
i L Voo DRAIN VOLTAGE [Vdc)
Typical P-Channel Typical N-Channel
Source Current Chezracteristics Sink Current Characteristics
APPLICATIONS INFORMATION
CASCADING COUNTERS
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8,132 WORD x 8 BIT UV ERASABLE AND ELECTRICALLY
" PROGRAMMABLE READ ONLY MEMORY

N-CHANNEL SILICON STACKED GATE MOS

TMMZ2764D
TMM2764D-2

DESCRIPTION

The TMM2764D is a 8192 word x B bit ultraviolet
light erasable and electrically programmable read only
memory. For read operation, the TMM27640D's access
1ime is 200 ns, and the TMM2764D operates {rom a
single 5-volt power supply and has low power stand-
by mode which reduces the power dissipation with-
out increasing access timé. The standby mode is
achieved by applying a TTL-high level signz! to the
‘CE input. The maximum active current is 120mA

and the maximum siandby current is 35mA., .
For program operation, the programming is achiev-

.ed by applying a 50ms active TTL low program pulse

1o the PGM input, ang it is possible to program
sequentially individually., or at random,

The TMM2764D is fabricated with the N-channel
silicon double layer gate MOS technology and is
packaged in a siandard 28 pin dual in line cerdip
package. '
- Qutput buffer control : OF

FEATURES .
o Single 5-volt power supply e ‘Fully static operation
e Fast access time © TMMZ764D 250 ns e Programs with one 50 ms pulse
TMM2764D-2 200 ns e Single location programming
o Power dissipation : e Three state outpuls
120 mA (active current) Max. e Inputs and outputs TTL compatibie
35 mA (standby current} Max. e Pin compatible with i2764 and ‘ROM TMM2364P
e Low power standby mode : CE “ BLOCK DIAGRAM .
PIN CONNECTION  (ror views LiErAGH Thmiasssd o Vr GND Vee 00,0, 030,050405"
. Al TMM27320 : T j i T T T T T f T f
Vepd! T 280VEC  Lrevcen OF of" O CE and FGin
A o002 2700 PG CE o Circuit Output Buffers
A3 2ANC Ad1  26bvee FeM :
Asgé  2spA, A2 DA 7 L \ +
£ 5 2404,  AsO3 2P Ay o— 5| Coiumn {32 Column 1/0
A.6  230A,, Adls 2104y, A Decoser | 17 Cireui
A g7 220 0E . Ads 205 OE/Ves 23 i) ircuit
Az(]8 21DAe A2(06 19p Ay Ag g—_Address \" 4’
Avgde  20plE Ady; 8plE 2% autten| -
goc 10 18P0,  Adg 17po, étg & Lhe g ol 25|  Memory Cell
o1t 1800 0,09 160 £3na]] iy s Autzy
0.2 17h0. o i ekl Ary oo Decader )
o < SFRSRE e Asz 8192 x 8 bits
20]13 1€po, o,0n 1400, .
GnDOOM - 1500, GND{12 1300,

PIN NAMES

Ag ~ A2 I adaress Inputs
Oy, ~ 04 J Outputs (Inputs].
CE . _Chip Enable tnput

Output Enadie inpuy
PGM Program Control input
N.C, No Connection
. Vep Program Supply Voltage
i Vec Vee Supply Voltage (+5V)
L GND Ground

MODE SELECTION

-
Fin | PGM | CE | OF |Vep 'Vec | Ou~0y . !
Mode 21 et iz e n~i3aseg! o
head ol TEV C Daia Out .
B 4
Outpui Deselect| . ] ; sv e Active
' _ 1mocdance -
Y P Han :

Stanodr . « | : ¢ .
_ >1andoy L sV | _impedarce Standby H
+ : :
Program L L L SV l Dau n i

——— -
Picgram * H * : 5v ; Nq'\ ¢
|
innion 2“’! P . Aciw
“ L H

e ——n Ampedance

Program Venty | H [ L 5v - Data Ot ;
Note. *: Hor L . .




MAXINUM RATINGS

[ symeoOL ITEM RATING UNIT
Vee Vee Power Supply Voltage ~06 ~ 7.0 \Y
Vpp Program Supply Voltage -06 ~ 220 v
Vin Input Voliage 06 ~ 70 v
VouT QOuiput Voltage -06 ~ 70 A\
Pp Power Dissipation . 1.5 W
TsoLDER Soldering Temperature - Time 260 - 10 “C - sec
TsTRG. Storage Temperature —65 ~ 125 “C
TorR. Operating Temperature 0~ 70 °c

READ OPERATION

D.C. RECOMMENDED OPERATING CONDITIONS-

SYMBOL PARAMETER MIN, TYP. MAX, UNIT

Vi 4 7 |nput High Voltage 20 - Vee+1.0 v
v ! Input Lows Voliage -0.3 = 0.8 v
Vee Vcc Power Supply Voltage 475 - 525 v
Vep Vpp Power Supply Vohage 20 Vee Vec+ 06 . v

D.C. and OPERATING CHARACTERISTICS {Ta=0~70°C, Vcc =5V 2 5% Unless otherwise ndted) 7.
SYMEOL PARAMETER CONDITIONS MIN, TYP. MAX, UNIT

') Input Current Vi =0~ Vee - - 210 HA
leca Supply Current (Standby)” CE = Vi - - { 35 mA
tees Supply Current (Active) CE = Vi, . - | 20 mA
Vo Output High Voitage lon = —400pA 24 - 1 = v
Vou Output Low Voliage loL = 2.1mA —_ - 04 \Y
lppy Vpp Current Vep =0~ Ve + 0.6 - -~ *10 HA
Io Qutput Leakage Current - - *10 - HA

Vout =04~ Vce

~

e AP ol LR T Lty 448 o o
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A.C.CHARACTERISTICS

{Ta= 0~70°C, Vee = 5V 2 5%, Vpp = 2.0V ~ Ve + 0.6V, Unless otherwise noted) |

SYMBOL PARAMETER CONDITIONS TMM2764D-2 IMIM2764D UNIT
MIN, | MAX. | MIN. | MAX,
14CC Address Access Time CE=0E =V, PGM = Vi - 20 | - 250 ns
I tee €E 10 Output Valid OE = v, PGRi= V;y - 200 = 250 ns
10€ OE 10 Quiput Valid T = Vi PGM= V. - 7 G - 100 ng
PG4 PGM 1o Output Valid OE = CE = v - 70 - 100 ns
\DF3 CE 10 Output in High-Z OE = v, PGM= Vy 0 60 0 90 ns
10F3 OE 10 Output in High-Z CE =V, ,PCM= Vi 0 60 0 90 ns
10F3 PG 10 Output in High-Z UE=CE=vV, 0 60 | o 90 ns
101 Qutput Data Hold Time CE=0E =V, PGM = Vi 0o, - ‘[r — - ns
A.C. Test Conditions
e Quiput Load . 1 TTL Gate and C = 100pF
« Input Pulse Rise and Fall Times 10ns Max.
e Input Fulse Levgls’ : 0.8V-10 2.2V
s Timing reasurement.Reference Level :  Inputs 1V and 2V, Outputs 0.8V and 2.0V
. CAPACITANCE * {Ta= 25°C, 1= 1MHz)
3 [ symsoL | PARAMETER CONDITIONS MIN. | -TYP, MAX. ONIT
- f Cn Input Capacitance - Vin =0V - | 4 6 pf
r . Cout Output Capacitance VoyT = OV | - 1 8 12 pF

* “This parameter is periodically sampled and is not 100% 1ested.

TItING WAVEFORMS (READ)

M\ Wi
- T L7777

=TT T

OF)
s High Z
\ Os1s Qutpuls >——

10K

N

N,

1PGM

High 2

Op~0y

¥t




PROGRAM OPERATION

D.C. RECOMMENDED OPERATING CONDITIONS -
[ symeoL | PARAMETER | MIN, TYP, MAX. UNIT
— Vin | Input High Vohage | 20 - Vee +1.0 v
v | Inpui Low Voitage -0.3 - 0.8 v
i Vee | Vec Power Supply Voliage 4.75 50 5.25 v
I Vpp ’ Vpe Power Supply Voliage 205 210 215 v .

D.C. snd OPERATING CHARACTERISTICS  (Ta= 2525°C, Vee = 5V2 5%, Vpp = 21V5 0.5v)

SYMBOL | PARAMETER |.  conpITIONS MIN, TYP, MAX, UNIT i
I tnput Current ! Vin =0~ Ve - - 10 HA
Vor OQutput High Volage lor = —400uA 24 - - . .V
Vot : Outpet Low Voliage log =2.1mA - - 0.4 v
lce Vee Sveply Current - . - - .20 mA
Ipps Vep Supply Current Vep = 21.5V - - 30 mA

[}

A.C.PROGRAMMING CHARACTERISTICS {Ta=2525°C, Voo = 5V2 5%, Vpp = 21V205V)

SYw80L PARAMETER CONDITIONS MIN, Typ. MAX. UNIT
145 Address Setup Time - 2 - - HS
LK Address Hold Time - 2 = _ HS
ces CE Setup Time - 2 - - us
CEH . CE Hotd Time - 2 - - us
ing Daia Seiup Time - 2 - -~ Hs
tom . Data Hold Tame - 2 - - us
Yotpe PGlvSetup Time — 2 - - Hs
'_.lp,. FGM Hold:-Time i - - 2 - - us
; 1085 i OF Sewp Time : - 2 - - Hs
tvg Vpp Setup Time - 2 - - Cous
1y Program Pulse Width PGM=CE = v, “ 45 50 55 ms
ep Program Recovery Time - 4] - - s
PRT Program Pulse Rise 1ime - 5. - - ns
1PET Program Putse Fail Time - 5 - - ns °
Ice CE 10 Output Valig - - - 250 | ns ;
M OF 10 Output Valid - - - 100 ns i
1661 TT 10 Output in Kigh 2 OE = vy - ~ wl~ 90 - ns
i 1oes 10 Output in High 2 CE = vy - - 90 ns
AC. Test Conditions
& Output Load : 1TTL Gate and C_ (100 pF) -
¢ Input Pulse Rise and Fall Times : 10ns Max.
= Input Pulse Levels 1 0.8~ 22V
* Timing Measurement Reference Level : Input1Vand 2v : Output 0.8V and 2.0V




2{'{? National

Semiconductor
LF351 Wide Bandwidth JFET
Input Operational Amphfser

General Description

The LF351 is a fow cost high speed JFET input opera-
tlonal amptifier with an internally trimmed input offset

voltage (BI-FET 1™ technology). The device requires a-

low supply curient and yet maintains a large gain band-
width product and a fast slew rate. In addition, well
matched high voltage JFET input devices provide very
tow input blas and offset currents. The LF351 (s pin
compatible with the standard LM741 and uses the same
cliset voltage adjustrient circuitry. This feature allows

designers 1o immediately upgrade the overall perfor-

mance of existing LM741 designs.

Tne LF351 may be used in applications such as high
speed inlegrators, tast D/A converters, sample-and-hold
circuils and anany other circuits requiring low input
offset voltage, low input bias current, high input imped-
ance, high slew rate and wide bandwidth. The device
has low noise and offset voliage drift, but for applica-

Operational Amplifiers/Buffers

BI-FET 117™ Technology

tions where these requirements are critical, the LF356 is
recommended. If maximum supply current is important,
however, the LF351 is the better choice.

Features

& Internally trimmed offset voltage 10mv
X Low input bias currenl 50pA
® Low input noise voliage 16 nVIVHZ
& Low input noise current 0.01 pAWVHz
¥ Wide gain bandwidth 4MH2
& High slew rate 13 Vius
& Low supply current 1.8mA
x High inpui impedance 10129
® Low total harmonic distortion Ay = 10, <0.02%.

RL = 10k, Vg = 20 Vp-p, BW = 20H2-20 kHz

® Low V/{ noise corner 50Hz
® Fast settling time to 0.01% 2us

Typical Connection

Ry Vee O—

INTLRNALLY

=Vig O

Connection Diagrams (Top Views)

Metal Can Package

NONANVIRLING BALANCL
INFUT

\"
Note. Pin 4 conneried 10 case.

Order Number LF351H
See NS Pachage HOBC

Simplified Schematic

HifanalLy
TRISMED
TRIMMLD

Dual-In-Line Package

3 U t

SALANCE —— NC
? )

INFUY ot — v’

L0 ouTFUY
-0 1]
v F—— B2LANCE
t
T0r vitw

Order Number LF351N )
See NS Package NOSA i
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Supply Voltage

Absolute Maximum Ratings

Power Dissipation (Note 1)
Operating Temperature Range

=18V
500mW

0°Cto +70°C

T}(MAX) 115°C
Differential Input Voltage =30V
Input Voltage Range (Note 2) =15V

Continuous

Output Short Circuit Duration

Storage Temperature Range

-65°Cto +150°C

Lead Temperature (Soldering, 10 seconds) 300°C
DC Electrical Characteristics (Note 3)
LF351
SYMBOL PARAMETER CONDITIONS MiN TP WAX UNITS
Vos input Otiset Voltage Rg=10k2, To=25°C 5 10 mv
Qver Temperature 13 mv
&VosiaT Average TC of input Offset Rg = 10kQ 10 wi*C
Voltage
los Inpus Otfset Current Tj=25°C, (Notes 3, 4) 25 100 pA
Tj < 70°C 4 nA
ig Input Bias Current Tj=25°C, (Notes 3, 4) 50 200 pA -
Ti € 70°C 8 nA
RiN fnput Resistance Ti =25°C 1012 Q
AvoL Large Signal Vohtage Gain Vg= =15V, Ta=25°C 25 100 vimV
Vo= =10V, R =2kQ .
e Over Temperature 15 vimv
Vo . Output Voltage Swing Vg = =15V, R = 10kQ =12 =13.5 v
veum gx::gteCommon-Mode Voltage Vg= =15V =17 t:g 3
CMRR Common-Mode Rejection Ratio | Rg < 10kQ 70 100 dB
i’SRR Supply Voltage Rejection Ratio (Note 5)° 70 100 dB
ig Supply Current 1.8 34 mA
AC Electrical Characteristics (ote 3)
LF351
SYMBOL PARAMETER CONDITIONS MIN Tvp MAX UNITS
SR Slew Rate Vg= =15V, Tpo=25°C 13 Vips
GBW Gain Bandwidth Product Vg= =15V, T4 =25°C - 4 MH2
en Equivaient Input Noise Vollage Ta=25°C, Rg=100Q, 16 nVIVRZ
{=1000H2
in Equivalent Input Noise Current Tj=25°C,1=1000Hz" 0.01 pANVHZ

Note 1: For operaling al elevated lemperalure, the device must be derated based on’a thermal resistance of 150 *C/W junction to ambient
o1 45°CIW junclion to case.
Note 2: Unless otherwise specified the absolule maximum negative input vollage is equal to the negalive power supply voltage.
Note 3: These specilications apply for Vg = 215V ang 0°C € Ta < +70°C. Vps. ig #nd 10g are meusured a1 Vois=0.

Note 4: The inpul bias curients are junclion leahage curients which appioximiately couble for every 10°C inciease in the junciion tem-
perature, Tj. Due 1o the nmited production tesl lime, the input bias cuirents measuted are coirelated to junction temperature. In normal
operation the junclion temperalure nises above Ihe ambient temperature as & result ol internal power dissipation, Pp. 7,=Ta + 9j4 Pp ’
where G4 is the Inermal tesistance 1rom junciion 10 ambient. Use of a heat sink 15 tecommended if inpul tias cutient is 10 be hept 10 6
minimum. .

Note 5.. Supply voltage rejection ratio is measured for both supply magniludes incieasing or decreasing stmullaneously in accordance
with common practice.
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Typical Performance Characteristics
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Distortion vs Frequency
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Common-Made Rejection
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Typical Performance Characteristics (Continvea)
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Open Loop Frequency Response
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