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Abstract

This project presented the technique of Bang Bang PWM
(Pulse Width Modulation) which was used to control the 500
VA inverter with its output fgedback control.The inverter
, could keep the output to be constant according to the
referable sine signal.

The power transistors used as high frequency switching
transiifqgs in the power section could be controlled to ON or
OFF by controlling the base current.

This technique had many advantages comparing with other
circuits i.e. its circuit was easy to understand and had a
high sensitivity to the changing load.Conclusively this
technique was extremely suitable for usinmg as a part of UPS

system,
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X = S .ms/div,y =.@.5 . vw/div

a & o [+ oo d [
s1Un 4.3 LAY SUARUNDENIININRSREN LN M S=-NYL3
v v

a: o o o '3 a' o o
s1n 4.4 LaN v SUARUEaN3ININRSADN LD N LNBUNANM
u v -~ e

NSINAU (AN 1 Ny 4)
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7, e 0 Y AT SR

X = 5 ms/div,y
a’ D' o: a £ l:' o .«
sUn 4.5 uaﬂﬁiﬂﬂﬁuﬂaaﬂﬁﬁﬂﬁﬁﬁﬁﬁaﬂLDWH LNDUNANNM
. Y -~ o

WASINAL (F 2 U D)

*x = 5 ms/div,y = 0.5 v/div

= - p § *
510 4.6 wanvsURAUNAN3ININISADNIA WM AN 1 nNu 3
A '] Y
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x = 5 ms/div,y = ©.5  v/div

ﬂ‘ tl' a' o i@ o a: [
sin 4.7 LAAISUARUNDDNIININITRDN LA A 2 Ny 4
v Y

X = 5 ms/div,y = 0.5 v/div

- o o c € o &
3un 4.8 WARYSUARLNDANIININITADN LD LNBUNGEQUYTIN
v

yAsNAu (fon 1 Ay 3
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XL =7 SuinisLdi v iy \ = L0+8 v/div
o o - é 's ) 6T
St 4.9 LARYIUAAUYIOENIININRSADN LAY L NauAUL L
” ‘I - e

NISINAU (AN 2 Ay 4)

X = 5 ms/div,y = 8.5 v/div

sUN 4.10 uaRIAUNWADULY1 OPTO ISOLATOR
“ -~ e
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X = 5 ms/div,y = 0.5 wv/div

SUn 4.11 uﬂﬂcﬁmmﬂmﬁaan?ﬁnﬂﬂ BASE DY Power Tranmsistor
‘, o

X =8 ms/div,y = SEviEiv

a' 4" - 'S a'p '™ ]
SUN 4.12 UAAVSUARULSSOU LD WMWY LUDEY LUK UI4eS FILTER
v L' q
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X (=5 ms/dav sy S 40%5 % Vidivw

Eﬂﬁ 4.13 LARYSUAAUVDANIN OPTO ISOLATOR
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x = 5 ms/div,y = 0.5 v/div

4 4 "> o
TN 4. 14 UAAIREIANEIRINITAUNLNTNUARD

B e

X = 5 ms/div,y = 5 v/div

< 'S - { & v
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LOAD INPUT OUTPUT P | P
eff (%)
W[V, M [T, [V 0 [T | oD |G
noload| 210 0.35 230 0.00 |[73.5 { 0.0 -
10 210 0.40 230 0.05 |84.0 [11.5 13.70
60 210 0.60 225 0.20 126 45.0 35.71
100 210 0.80 220 0.45 168 |99.0 58.90
200 210 1.30 205 0.85 273 174.3 63.87
300 210 1.70 195 1.25 357 243.8 68.27

¢ {d o
A1714¢ 5.1 uanw1nadau5ut191tna1na?1¢1a31uaan1§xﬂu

waaRiWIuIARINql p.f = 1

LOAD VOLTAGE REGULATION (%)

(W) (vno'lotd - v!ond)lvnolend*loo
10 0.0

60 2.1
100 4.3
200 10.8
300 15.0

A1719 5.2 UXAY VOLTAGE REGULATION fu LOAD dﬁﬂﬂ
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4. NITUBULUNSUAYYIN (Inverting Amplifier)

R2
R
Vino———AAA— - |
IJ d |
= t
) ]
!
vV = -[R /R WV
2 1 1

2. 7995 Buun NNALUAN N (Noninverting Amplifier)

Vino

291

st ey,

“ oM £
3. 3999 HILSIAURSDUN LWDS (Voltage Follower)




4, 10@3ﬁquﬁ@qqm (Summing Amplifier)
R1 - R

Ulo“ARA

oL 5]

=

= -R(W /R 4+ V /R +V /R
£ 1 1 2" 2 8" a3

Vo

’,

5.79399 1USEULNEY (Comparator)

<
v
<
<

1]
+
<

<
A
<
<
1}
{
<

6-16?3ﬂ8ﬁ8ﬂ7ﬂ“ﬁﬂ0 (Differential amplifier)

R4
R2

Vio——a”

vao AAA
%M

-(R /R IV + (44+4R /R _ I(R_ /(R _+R MV
1 2 1 1 2 3 s a 2

<
"



e o 4 . .
7. MNITDURLNTLADS (Intergrator)

Ce
i
Vino AAA— -

R1 oVa

+

t

\Y = =-1/RC f tht

=

o

£42

o (-1
8.3/ LNDTTTARDNWI LT 17DT (Hysteresis comparator)

Rom = Ri//R2 ' SAT
Vino— AAA- .

35

L 4

4

Vv = R (+V J/Z(R + R
i msat 1 2

Vs = R (=V /(R + R )
t 1 2

1¢ 1 =a

-~ ’ &
9. IPFRTIVILNIUFAUE (Zero crossing detector)
v

Vino———— A A— -
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|
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{CL45168B

B le\’iUS
BINARY UP/DOWR COUKTER

gp——

[EATURES

{ Internally Synchronous for High Speed
{ Asynchronous Preset Ensble

¢ Asynchronous Reset

| Logic Edge-Clocked Design

{ 6MHz Counting Rete © 10Vdce

{§ Carry Output for Cascading Stages

pESCRIPTION . .

The SCL4516B consists of 2 fourstsge upl .
pown Counter with provisions for »jook-zhead”’
@rry in both gounting modes. The inputs consist
of a single Clock, Carry-in (Clock Enabla), Reset,
Up/Down, Preset’ Enable, and four individual Jam
sgnels. Four separate' butfered Q signals and @
Carry-out signal are grovided as outputs .

A high Preset Enable signzl allows information
on the Jam inputs 10 presel the countef 10 any
siate esynchronously with the Clock. A high on the
Reset line resets 2ll stages 10 1he “zero” state. The
counter is advenced one count &t the positive
wensition of the Clock when the Carry-in and .
Preset Enzbie signals are low. Agvencement is
inhibited when the Carry-in or Preset Enable
signals are high. The Carry-out signal is normally
high and goes tow when the counter reaches its
waximum count 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 low state
tan thus be considered 3 ~Clock Enzble.”” The
Carry-in terminal must be connected 10 Vgg when
not in use, . -

The counter counts Up when the Up/Down
input is kigh, and Down when the Up/Down input
i low. Multiple packages can be connected. in
tither 3 payallel-clocking or a’ripple-clocking ar-
rengement. Parsllel clocking provides synchronous
control and hence faster response {rom sil counting
outpuls. Ripple-clocking allows for longer clock
input rise and fall times.

This counter finds primary use in upl/down &nd
citferential counting and frequency synthesizer
epplications. 1t is also uselul in A/D and DI/A
conversion and for magnitude &nd sign generation.

TRUTH TABLE

———
——m PRESET
TARAY IN| UPIDOWN | EnEELE RESET| ACTION
4 x [:) [ No Court
] ) . [ ] ) Coum Ut
o (] [ [ Count Down
x x [ [) Prow!
lx x x 1 Reset

+ X » Don's Core

T

CONNECTION DIAGRAM
(a1 packages)

Vvpp CL ©3 F3 P2 Q2 LU/D R
S N TN D N B

(16 15 14 13 12 1110 9

SCL4516B )

1 2 '3 4 5 6 1 8

T 1 1 L I

PE Q4 P4 PI i Q1 CO Vss

Add suffix for package:

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

H Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage VDD - VsSS -

Operating Temperaiure TA
C, D, F, H Device

31015 Vdc

55104125 ©C

E Device 4010485 ©C
BLOCK DIAGRAM
—
o

—_— | °
B IFETRTS .

] i
9 O0—— 8 - o2 f_": AR
10 O—— Up:Conn |
% Clors o3 L—{;::
4 O— P
172 v2 (-2 ?
Ak r3
3 ra TG S

l Out l

vop B0 e

vgg FonB
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TIMING DIAGRAM

Carry In

-

mhjlﬂwmwﬂwm |

—)

Up/Down

re | |

(&

P2

(£

ML)
i

o1

L 14

| 1

Carry Ot

Count &

7 s & 4«

3

[

—El
r

o o 18

Voo

Vss
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cCL4516B T

. ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS'

—— -

o e veimmer =

2 O 3
PARAMETER veo | conpiTions Tiow 15C TwicH” | ynits
(Ve Min. | Max. | Min. | Typ. | Max. | Min. | Max. |
QUIESCENT DEVICE CURRENT llpp
. 5 lvg=vesorvoo | - | 8| - [005| 8} — | 150 |uhde
. +{ 10 |AlN valid input - 10 - 0.1 10 - 300
15 | eombinations - 20 - |02 20 |.—- | 600
NOTES: ¢ R-emlining Static Electrical Characteristics are listed under “SCLADODS Series Family Specifications®.
Toow *-55.CforC,D, F . H device. .
= -40°C for E device.
Ty = +125°C for C, D, F, H device. ~
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (Cy = BOpF, Ta = 25°C)
= Voo . - l .
PARAMETER vde) ‘ Min. { Typ. Max, Units
CLOCKED OPERATION
PROPAGATION DELAY TIME toLr touL
Clock to O 5 - 325 650 ns
10 - 125 250
15 - 109 200
Clock to Carry Out 5 - 325 650 ns
10 - 125 250
(] . B 15 - 100 209
" Gerry In to Carry Out 3 £ 175 350 ns
0 - 75 . 180
15 - 55 110
OUTPUT TRANSITION TIME o o}
: 4 5 - 130 260 ns
- 10 - 65 130
15 - 50 100
MINIMUN CLOCK PULSE WIDTH PWer
5 = 170 | 340 ns
10 - g5 1720
15 - 70 140
MAXIMUM CLOCK FREQUENCY- fres i
s .- 15 3o - NH2
10 3.0 6.0 -
° 15 4.0 8.0 -
WAXIMUM CLOCK RISE AND FALL TIME! tew e
> 5 15 - - s
10 15 - &
3 15 15 - - -
“[hoinireum SETUP TINE Laron :
Carry In . .. 5 - 130 . 260 ns
i0 - 65 130
—_ 15 - - 80 100
. | Up/Down i 5 - 250 500 ns
10 - 100 200
15 - 75 150
PRESET OR RESET OPERATION
PROPAGATION DELAY TIME . e R 5
Prese1 Enable or Resetto O [ ES 325 650 ns
. . 10. - 1285 250
) 15 - 100 200
Preset Enable or Reset 1o Carry Out’ : 5 - 410 820 ns
R 10 - 165 330
~ . 15 - 130 260
Iwvannsun PRESET ENABLE OR RESET
PULSE WIDTH PW, g, PWR
1 - 100 200 ns
10 - 50 100
15 - 40 8
PRESET ENAELE OR RESET REMOVAL TIME [t.m
5 - 328 €650 nsy
10 - 1o 220
15 - 80 180

1 When units are cascaded, the maximum rise and {alt times of the clock input should be equsl to of
fess than the transition times of the datz outputs driving data inputs, plus the propagetion delsy ot

.

the output driving stage for the output capacitive load,
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Vs, DRAIN VOLTASE (¥€<) b
20 18 96 -8 <12 -0 £ £ <% 2 O T i
[] . H
-sve 5 =~ £ .
Va=-ive 8 ¢ £ '
: - — 1 15 E = -
. - 2 - H Y, v *
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Typical N-Channel

Typical P-Chznnel
Sink Current Characteristics

Source Current Cheracteristics

APPLICATIONS INFORMATION
CASCADING COUNTERS -

Periryfy € ecuwmg
T Y —_—
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TOSHIEA

8,192 WORD x 8 BIT UV ERASABLE AND EL_ECTRICALLY

PROGRAMMABLE READ ONLY MEMORY
N-CHANNEL SILICON STACKED GATE MOS

TMM2764D

DESCRIPTION
The TMM2764D is a 8182 word x 8 bit ultraviolet
light erasable and electrically programmable read only
memory. For rezd operation, the TMM2764D°s access
time is 200 ns, 2nd the TMM2764D operates from a
single 5-volt power supply and has low power stand-
by mode which reduces the power dissipation with:
oul increasing access time. The standby mode is
schieved by applying 3 TTL-high level signal to the
CE’ input. The maximum active current is 120mA
FEATURES
e Single S-volt power supply 2
e Fast access tirdke : TMMZ764D 250 ns
. TMNi2764D-2 200 ns
e Power dissipation :
120 mA (zctive current)  Max.
35 mA (s1zndby current} Max.
e Low power stancby mode : CE

ower 2£ pins comosidle with 32K

PIN CONMECTION  (Tor ViEW! toerAom Tmusg320

TMMZI7320

\A/PP ; v {TOP VIEW! .

12 PG
A7003 NC A,O0 B Vee
AsD4 A AQ2 35 Ag
As}5 Ay  AO3 ]
A.0g6 Ay A4 Ay,
A3:g? As05 CE/Vpp
A8 Ayg A206 D Ao
A, ge- Ady 5 CE
G 0, Acds H0,
OOC Os 0,085 00

g 05 O D Og

02113 0, O, Lo,

GNDO 14 - 0, GND 005

PIN NANES
Ag ~ A2 1 -Address Inputs
Oo~0; ' Outputs {Inputs).
CE ! -Chip Enable Input
OF Output Enable Input
PGM Program Cenirol Input
N.C. No Connection
i Ve Program Supply Voitage
i Vcc 1 Vec Supply Voliage +5v)
FGND I Ground

OF o7 BF CEandfoM| [ o e
M: Circuit — utput Butiers 1

g 5| Column _3;3_ Column 1/0
A; Decoder 4 Circuit
™
Ag Address J +
ﬁ? Butfers|
ﬁg £ flow 256 Hemory Cell
22, Y~ - Array
Al Decoder .
all 8162 x 8 bits

. TMM2764D:2

and the maximum standby current is 35mA.

For program operation, the programming is achiev-
_ed by applying a 50ms active TTL low program’ pulse
10 the PGM input, and 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 cerdnp
package.

« Quiput buffer control : OE

e Fuily static operation %

e Programs with one SO ms pulse

e Single location prodramming

e Three state outputs

e Inputs and outputs TTL compatibie

e Pin compatible with i2764 and ROM TMM2364P
BLOCK DIAGRAM A ’

Ver GND Ve 000,0,030,05060,

i1 7 1 IARRRERN

MODE SELECTION

[
Fin |FGW |CE |OF (Ve Vec! Os~0r N
Aoge, 2 oo bz Lo "128) t~wzasmig o
_ﬁu-d H L]t 16V Daw Oute
Output Deselect| = « | H sV e Acirve :
. : tmpesance R
 c "R :
Si1anody . H |~ 5 s5v i " Stangdy ¢
M lrroedance 1
Prog:am L L] SV | Daein i
. g VHigh i
Piogram . " svi impesance ‘
Inhidit v Actvwe -
8 T Hogn
LN A
B Inpedance
— —— . t
Prog-ar. Venty | H t L H SV : Data O !

Note. *: Hor L 4

e
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MAXIMUM RATINGS .
[ SsYmMBOL ] ITEM RATING ! UNIT
Vee Ve Power Supply Voliage -06 ~ 70 . \Y
Vpp Program Supply Voltege -06 ~ 220 \Y
Vin Input Vehage - —06 ~ 7.0 \Y
VouT Outout Vohage -06 ~ 7.0 Vv
’—fpo . Power Dissipation 15 W
TsoLDER Scldering Temperaiure - Time 260 - 10 : °C - sec
TstrG. torzpe Temnpersture ~65 ~ 125 i °C
ToPR. Operziing Temperature ] 0~ 70 °c

READ OPERATION
D.C. RECONIMENDED OPERATING CONDITIONS

SYmMBOL | PARANETER MIN, TYP, i AX, UNIT
Vim ~ Input High Votiage 20 - i \Vee+1o \Y
i Vip 2 Inzut Low. Votade ~-03 - 08 \
1 Ve Ve Power Susoly Voliage. 475 - 525 v
i Vep Vpp Fower Supply Vohiage 2.0 Vee 1 Vee+06 \Y

D.C.2nd OPERATING CHARACTERISTICS (Ta= 0~ 70°C, Vec = 5V 2 5% Unless othenwise noted) <

SYMEOL FARAMETER CONDITIONS MIN. T OTYP. § MAX. uNIT
Iy Ingut Current Vin =0~ Vce ) - | - o210
ke, Supply Current (Standby) CE=Vin - - : 25 mA
lec: Supply Current {Active) " CE= Vi - - l 120 mA
Vor Output High Voltage low = —00pA 24 - i = YoV
Voo Output Lew Vclizoe oL = 2.1mA - - i 04 | V
ey Vpe Current l Vpp =0~ Ve 406 { - - | .210 HA
o Output Leskaps Current J Vout = 0.4 ~ Vee ! - — | =10 pA

~.
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AC.CRARACTERISTICS
(Ta=0~70°C, Vec = 5V 2 5%, Vpp = 20V~ Ve + 0.6V, Unless otherwise noted}  *
: ) TMM2764D-2 TMN2764D
' N i
SYMBOL PARAMETER CONDITIONS MIN, MAX. AN, NAX. UNIT
1acc Address Access Time TeE=0E=Vy PCM =V - 200 - 250 ns
tce CE 10 Output Valid OE = Vy FGRi= Vi - 200 - 250 ns
108 OF 10 Output Valid CE = vy PGM= Vi - 0 ) - 100 ns
1PGM FGH. 10 Outout Valid OE=CE=Vy - 0 | - 100 ns
tOF) CE :0 Output in High-Z OF = v . PFGM= V,y 10 6 ! o 90 ns
DF3 OF 10 Output in High-Z CE =V, .PGM= Vg i o 6 | o0 90 ! ns
1pFs FGW 10 Output in High-Z DE=CE=Vy [ o | 6 ! © 9 | ns
1ou Output Daiz Hold Time TE=OE=sV,.PGM*Vyy | O | = | - — | s
A.C. Test Conditions .
e Qutput Load - ) 1 TTL Gate and C_ = 100pF
e input Pulse Rise ang Fall Times 10ne Max.
e Input Puise Levgls 0.8V to 2.2V
o Timing t/easurement Reference Level Inputs 1V and 2V, Oulputs 0.8V and 2.0V
CAPACITANCE' * {Ta=25°C, 1= 1MH2)
1 symMBOL PARAMETER ! CONDITIONS POMING ] -TYP. ] WAX. LT UNIT
; CGn | Irput Capacitence . Vin =0V i - ! 4 ! 6 ) pF
( Cout | Output Capacitance_ | Vpyr =0V | - | 6 i 12 ! pf
* “This parameter is periodically sampled and}is nct 100% tested,
TINING WAVEFORMS (READ)
Ap Az
toH
i 1CE R N °
— NN Lz
NN 4% Y
. AN
toE l
IR L
NN LA
1IPGM YDF3

|

-
Q
z

T

TaCC

High 2

Co~0s

10FY

\}\w&\\\\\\\\\‘

DX

Osis Outouu

High &
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PROGRAM OPERATION ]
D.C. RECOMMENDED OPERATING CONDITIONS
7 SYMBOL PARAMETER MIN, TYP. MAX. UNIT
— Vin Input High Voliage 20 - Vee +1.0 \4
; K input Low Voitage " -03 - 08 \%
i Vee Ve Power Supply Voltage 475 50 -5.25 v
: Ve | Vpr Power Supply Voliage 205 | 210 1.5 \2
D.C.&nd OPERATING CHARACTERISTICS (Ta=2525°C, Ve = 5V 5%, Vpp = 21V2 0.5V)
SYMEBOL | PARAMETER | conoiTions MIN. TYP, MAX, uniT
i Irzut Current I Vin=0~Vee - - =10 bA
' Vou Outpui High Voliage lom = ~400pA 24 - - \%
VoL Outout Low Voliage loL = 2.1mA -~ - 04 Y
1 lcc ! Vce Suwpty Currem i - - - 120 mA |
] lops i Ver Suodly Curent | Vpge= 21,5V 2 - 30 mA |
[y
A.C.PROGRAMMING CHAJRACTERI_STICS (Ta=2528°C Ve = SV 55, Vpp = 21v2 0.5V}
SYLEOL FLRAMETER CONDITIONS MIN, | Tye. | max. UNIT
125 Acddress Setwp Time .- 2/ g L - s :
ey Address Hold Time - 2 - - us i
es CE Setus Time - 2 b - Hs A
CEn CE Hote Time - 2. - - #s !
g Datz Sewup Time - 2 - - Hs |
oM Daiz Hold Time - 2 - - HS -
it ! PGMSewr Time - 2 - - us !
I 1oy ; FGM Hotg Time - 2 - - He \
HEFY. : DE Setup Time - 2 - - Hs I
ivg Vpp Setup Time - 2 - - s !
1Py, Progezm Pulse Widih PGN.= CE =V 45 50 5 ms !
1zp Progrem Recovery Time - 0 - - HS i
F57 Program Puise Rise Time - 5 - - ng |
R Progrem. Pulte Fell Time — 5 - - ns !
et CE to Owiput Valid - - - 250 ns !
loe OF 10 Octput Vatid - - - 100 . ns
1oFy TE 10 Ouiput in High 2 OE = vy - - 90 .ns :
L ok 0% 10 Guiput in High Z CE = v, - ] - €0 ns

A.C. Test Conditions

* Ouiput Load

¢ Input Puise Rise end Fall Times

* input Pulse Levels

¢ Timing Mezsurement Reference Level

1TTL Gzte and C_ (100 pF)

10ns Max.
0.8 ~ 2.2v

input 1V and 2V

;. Output 0.8V and 2.0V
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: W Semiconductor

LF351 Wide Bandwidth JFET
Input Operational Amplifier

General Description

The LF351 is a low cost high speed JFET input opera-
tional amplifier with an internally trimmed input offset
voltage (BI-FET 1I™ technology). The device requires &
tow supply current and yet mzintains a large gain band-

BI-FET Il1 M Technology

tions where these requirements are critical, the LF356is
recommended. i maximum supply current is important,
however, the LF351 is the better choice.

Features

width product and a fast slew rate. In addition, well  ® Internallytrimmedotisetvotizge 0mv
matched high voltage JFET input devices provide very & Low input bias current 50pA

"low input bias and offset currents. The LF351is pin g {owinput noise voltage “16nVIVHz
compatibie with the standard LM741 and uses the same . o /i

.01 pANH
cifset voltage adjustment circuitry. This feature aliows . Lo.w mp?t noise C_Ur'em 0.01pANVHz
designers tc immediately upgrade the overall perfor- 8 Wide gain ban_dwadth 4AMHz
mance of existing LM741 designs. ® High slew rate 13Vius
& ‘Lov: supply current 1.EmA

The LF2E1 may be used in zpplications such as high = Highinput impedance 10129

: speed integrators, st Dik converters, sample-andiiold | 451 narmonie distortion Ay =10, <0.02%

i cnlrcx.n.. end & ;ny‘ other .cn’cuns req;.fmnp oy nput RL = 10k, Vo = 20Vp-p, BW = 20H2-20kHz

: oifset voltage. low ingut bigs current, high inpuf imped-

| znce, high siew rzte and wice bandwidth. The device & Low Vi noise corner 50Hz

i has low noise and offset volizge drift, but for applica-  ® Fast setllingtime 10 0.01% 2us

i

i . . . oge .

I Typical Connection Simplified Schematic

|

i L Ve O < +

! AAA

|

: Voo

;: \0

!

=V

Connection Diagrams (Top Views)

Metal Cen Package

AOASRVERTING
INFUT

v
Note. Fin £ connected tC Case.

Order Number LF351H
See NS Pachage HO8C

INTERRALLY
TRIALD

~Vig O—

IKTERMALLY
TRIENED

Dual-In-Line Package

oL

- nC

1
BALANCE —
el —, v
j:: | L)
INFY —’ — OUTFUT

5__ BLLangE

0P vitw

Order Number LF351N
See NS Packege NOSA




Supply Voltage

Absolute Maximum Ratings

Power Dissipation (Note 1)
Operating Temperature Range

=18V
500mwW

0°Cto +70°C

Tj(MAX) 115°C
Differential Input Voltage =30V
input Voltage Range (Note 2) =15V
Output Short Circuit Duraticn Continuous

Storage Temperature Rznge

~65°Cto +150°C

Lead Temperature (Soldering, 10 seconds) 300°C
DC Electrical Characteristics (vote 3)
LF351
SYMBOL PARAMETER CONDITIONS MIN TYe AX UNITS
Vos Input Offse! Voltage Rg=10kQ. Tp=25°C 5 10 my
Over Temperature 13 mvV
tVog/aT Average TC of Input Offset Rg= 10k 10 uVItc
Veltage
los Input Gifset Current Tj= 25°C. (Notes 3, 4) 25 100 pA
T] € 70°C 4 nA
g Input Bigs Current Tj =25°C, (Notes 3. 4) 50 200 BA
Tj<70°C 8 nA
RN Input Resistance Tj=25°C 1072 Q
AvoL Large Signe! Volizge Gain Vg= =18V, Ta=25'C 25 100 vimVv
Vo= =10V. R = 2kQ
< Over Temperature 15 VimV
Vo Output Voitage Swing Vg= =15V, R = 10kQ =12 =135 v
Vem ::::g:eCommon-Mode Voltace Vg = =15V £ 11 t :3 x
CMAR Commcn-M.ode Rejection Retie Rg € 10kQ 70 109 oB
PSRR Supply Vollgge Rejection Raiio {Note 5) 70 100 [}}
Ig Supply Current 1.8 3.4 mA
AC Electrical Characteristics gcie 3)
LF351
SYMEBOL PARAMETER CONDITIONS WiN TP " UNITS
SR Slew Rate Vg= =15V, T, =25'C 13 Vips
GEW Gain Ezncwicih Preduct Vg= =15V. Tz =25°C 4 MHz
en Equivalent trg ot Noise Velizge Ta =25°C. Rg=100Q. 16 nVNHZ
*{ = 1000 Hz
in Eglivilent Input Noise Current Tj=25'C, 1 =1000Hz 0.0% pAVERZ

—tn

Note 1: For cperaling 2t elevzieo tempersiure, the cevice must be derated besed on a shetmal resistance cf 150 C/W junction 10 2mbient
o1 25°C/W junction o czse.

Note 2: Unless otherwise specifies the absclute maximum negative input voltage is ecuat 1c the negative puwer supply voltage. ¢
Note 3: Theze tpecilicztions 2op!y for Vg= 215V 2nd 6°C ¢ Ta & +70°C. ¥ps. Ig anc log 2re meatured 2t Vo =0

Note 4: The input bizs curnrents are junclion leakege curtenis which sopioaemigtely double for every 10°C inciezse in the junction tem- |
pereturc, Ti Due 1o the fimited procuchion test time, the mput bias cuticnis measured &re correlzted 10 junctinn temperaiure. In normal
cneration the junciion temzerature rises sbove the ambient lemperature as a resull of imiernal povier dissipation, Fp. Ty=Ta+ 6 Fp
where O 5 15 the thermal resisiance from junction to ambient. Use of 2 he2l sink s recommenoec il inpul tnas cutrent is {C be hedl 10 &
munImum,

Note 5.: Supply voltage tejection 1atio is me2surec 161 bOth supply magnituces increasing of dedreasing simultaneously in accordance
v:ith commorn practice -
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Typiéal Performance Characteristics

Supply Current

Input Bias Current

Input Bies Current
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Typical Performance Characterislics (Continued)

Undistorted Output Voltage

Distortion vs Frequency Swing Open Loop Frequency Response
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1C1508L-8 '

D-TO-A CONVERTER

RC1408L-8
MC1408L-7
[C1408L-6

Specifications and Applications

Information

EIGHT-BIT MULTIPLYING
DIGITAL-TO-ANALOG
CONVERTER

MONOLITHIC EIGHT-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

. . . designed for use where the output current is a linear product

of en eight-bit digita! word end an anzlog input voltzge.
8 Relative Accuracy: ,20.19% Error maximum
{MC1508L-8, M?:'.:oa'.-a)
e Seven and Six-Bit Accuracy Available
(MC1408L-7, MC140ZL-6)

Fast Settling Time — 300 ns typical

& Noninverting Digitz! Inputs zre MTTL and
CWOS Compatible

¢ Cuiput Vo'litage Swing —~ <08 V10 -5.6V
e Hich-Speed Multiplying Input
Slew Rzte 4.0 mA/us
¢ Siandard Supply Volizges: +5.0V and
-50Vi10-i5V

MONOLITHIC SILICON
- INTEGRATED CIRCUIT

A1

‘:” - —; 1100 view)
T 11 i

' {-"‘_l:l"'l.r"
MR
L SUFFIX
CERAMIC PACK AGE

CASE €20

FIGURE 1 ~ D-to-A TRANSFER CHARACTERISTICS

0. OUTPUT CURRAENT {mA)

102200000) [RRRRRRARS]
INFUT CIGITAL WORD

FIGURE 2 ~ ELOCK DIAESR.:M

wSE 138

£1C AIC LIG 240 ASC 4EC 27C &AQ
nANGE s e jr e te ho 1
conTRACy —ip
1 Qe Current Smorghes —Oa
IREEREEN] 1
. E 2R Locare I £.03 Cortun 2
[19]
i’ 1
12 g =13
A Faterence vee
15 C: ; - Cuseem
Vieetios £mpnier
—~0 16
COMPEN

Vit éd

NFK Corrent
Scuice Pawr

TYPICAL APPLICATIONS

® Tracking A-10 D Converters

& Succesyive Approrimation Ao-D Converters
® 2172 Digiy Panet Meiers and DVM's

® Wevelorm Synthesis

® Ssmplt #net Holg

® Pesv Derector

* Programmabdle Gain and Attenuation

® CRT Characier Generation

® Authic Digitizing anc Decoding
* Frogremmapie Power Supplier
¢ Aneloz Digitat Multiplication
*  Digital-Digital Mutuplicstion

® Analog-Digtal Diviion

Digite! Acdinion and Subtraction

® Soeezh Compremion end Expansion
*  Siepping Motor Drive

See Packaging intormanion Sechion 107 outhing €imensions.




MC1508L-8, MC1408L-8, MC1408L-7, MC1408L-6 (continued)

MAXIMUM RATINGS (T, = +25°C unless otherwise noted.)

Reting Symbol Value Unit
Power Supply Voltage vee +55 Voc
VEE -6 5
Digitsf Input Voltage Vy thru Vi2 +55,0 Vdc
Applied Output Voliage vo +0.5,-5.2 Vde
Reference Current 11a 5.0 mA
. [Reference Amplilier Inputs ViaVisg Vee VEE Vdc
Power Dissipation (Package Limitztion} Pp
Ceramic Package 1000 mv
Derate above Tp * +25°C ) 6.7 mw/oC
Operating Temperature Range Ta °c
MC1508L8 -E5104125
MC1408L Series 010475
Storsge Temperature Range Tsre 6510 ~150 vC
ELECTRICAL CHARACTERISTICS (Vee = +5.0 Voe, VEE = =15 Ve, —R—‘-‘- » 2.0mA, MC1508L-8: T4 = -55%C 10 +125°C.
MC 140¢|_ Series: T4 ® 010 +475°C unless otherwise noted. All digital inputs 1 high logic level.}
Charactenstic Foure l Symbol Min Typ Max Unit
Relative Accuracy (Error retative to fuil scale Io! 4 £ - - . %
MC150BLE, MC1406L8 S - FXRE
WCILOELT, See Note | . - - =78
MC1408E6, See Note 1 - - +C.78
Seitling Time to within 1/2 LSE finctudes IPLHIITAH?SDCESH Note 2 ) 15 - 300 - ns
Progazarion D:iay Time s PLHIPHL - 30 100 ns
Tp = +25°C =~
Cutput Fult Scate Current Dnfy & TCip - -20 - FENIOC
Digitsl input Logic Levels (M5B) 3 Vde
Hich Level, Logic "1 Vi 20 - -
Low Leve!, Logic 0" Vit = - 08
Dig.ta! tnput Current (LSE} 3 mA
High Level, Vi = 50V . LIT™} - (o] 0.0
Low Level, Vy =08V LTS - -04 -08
Reference Inpat Buay Current (Fin 1£) 3 - s - | -0 -3.0 uA
Qutout Current Range 3 I0R mA
Vgg=-50V 0 20 21
Vgg = 6.010-15V 0 20 4.2
Ouwout Current 3 10 mA
Vet ¥ 2.000 V, R14 = 1000 2 1.8 1.82 2
~
Qutput Current 2 10tmn) - 40 vh
LAl bits lowl!
Ouut Voliage Compliznce (E, €0 19% 81 T = +25°C) 3 Vo Voc,
Pin 1 grounded - - -0.6.-0.5
Pin 1 open, VEE below =10V - - -5.0.-0.5
Reference Current Slew Rae 1 [ SR et - 4.0 - mAlps
Output Current Power Sudply Sersitnaty FERRI-) - 0.8 27 AV
Power Supc'y Current 2 Iee - ~13.% 22 mh
AN bits Tow) . e - -1.8 -13
Fower Supply Volwge Range 2 Veea +45 <£.0 +£.5 Vde
Ty = +25%C) VEER -5 -18 -16.5
Power Dusigziion 3 Pp myvy
Al bis low o
VEE = -5 0 Ve - 105 170
VgEg * -15 Voc - 120 305
Al bits high
RUTRE 1AL S - a0 _
VEE * -15 Vac - 160 -

Note 1. All current switches are 1ested 10 puarantee at leatt S0% of rated output current,
Note 2. Al bits switched N
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