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| DESCRIFTION

The Fujitsu MB4053 is a B-channal
8bit single-slope AMD converter
subsystermn for use with a micro-
processor In data control
systems.

The MB4053 is a single monolith-
ic chip device manufactured us-
ing bipolar technology and Is pro-
vided with a 1 of B address de-
coder, Bchannel analog multi-
plaxer, sample and hold, constant
current generator, ramp integra-
tor, and comparator.

| FEATURES
| = Single Power Supply

+4.T5V to +15V
* Microprocessor compatible
* Linearity eror— =0.2% (max.)
* Convarsion time—
300 psich (Typ)
+ Analog Input voltage
0 to (Vg —2V)
(5.25V max.)
* Ratio metric conversion

Necessary addressing, counting
and timing functions for this unit
are provided by a microprocessor
such as the MBBBAED, MBLBD4S,
and MBLEBDO Series,

An arbitrary integration time can
be set for this unit by changing an
external constant. Therefore,
since the reguired resolution can
be obtained, this unit is suitable
for a wide range of applications.

Packages are classifled into two
types: Standard 16-pin DIP and
flal package.

+ Digital inputioutput —
TTL compatible

* Pulse width data output
{open collector)

+ Standard 16-pin dual in-line
package (DIP) and dual flat
package

= DIP type Is compatible with
the MC14443 and .AST08

= Power comsumption

25 mW (Typ.) at Voo = 5V

PIN ASSIGNMENT

a1 hd 18] ] Ay
a2 5]y s A
SYARTL]® 1] vee (= Fle T =10

cul]+ ml sTaRT {3 b =L

" . [ =] L] =1M
GND[] s 121, GND =5 F] =1
Rper {8 1] =1
::-::E' S 2= R =
stoe {7 o W Veer 18 By

Veer )8 ms

CERAMIC PACKAGE
DIP-16C-CO2

PLASTIC PACKAGE
DIP-16P-M01

PLASTIC PACKAGE
FPT-16P-M01
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ABSOLUTE MAXIMUM RATINGS* (See NOTE)
Pararmanar Symbol Value Linit

Supply Voltage Ver 8 v
Drgital Input Voltage Vin =05 ~ +30 v
Digital Output Voltage when O Ve =06~ +18 W
Analog Input Vaoltage Wia -0.6 ~ +30 v
Cutput Current lg 10 mA |
Operating Temperature Ta -45 ~ +50 ol |
Storage Temperatune T -55 ~ +150 ’Eu_j

*Parmanant device damage may occur it ABSOLUTE MAXIMUM RATINGS are excesded, Funciional oparation should be restriced o
the conditions as d in the ianal sactions of this data shest, Exposure to absolute maximum rating conditions for axiended
periods may alfect device raliability.

RECOMMENDED OPERATING CONDITIONS

! Caondition

| Parameter Symbaol . Unit
Min, Typ. Max.
Supply Voltage Veo 4.75 5.0 1.6 1"
Reterenos ".n"l:||'|l£|elr VnEsr 2.0 5.5 WV
[ | Ramp Capacity Cy 300 pF
| Reference Voltage In 12 &0 1
| Analog Input Voltage Vs [i] Vagr W
| Output Current I 1.6 ma
[ Operating Temperature | Ty -40 +HE ]
Mote: “2W S Wper 5 Vee -2V
B —
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d |
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1
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INPUT | m‘ !
3 ]
la m AEFEAENCE :
15 (10) CURRENT —t’: i
! GENERATOR = vaes I
g ﬂ |
1 —— I
! |
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Vaer - OECODER oo :
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| B 7 = i [ 0 N A
-‘g Ay Ay HHEF GND Cyy
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ME4053
ELECTRICAL CHARACTERISTICS
(Vg = 4,75V ~ 15V, Ta = —40*C - B5°C)
Walue
Parameter Symbol Unit Remarks
Min, Ty Max.
Corvarsion Error Ea .2 .3 1
Linearity Errar Ep 008 | #0.2 12
Analog Imput Current g =60 -250 ni
Crosstalk Batween any Two Channels Ven 60 dB 13
Multiplexer Input Offser Voltage Vg 2.0 40 my
See tﬂl!_i;imui'l
Conversign Time te 298 350 pfch | Analog input: 0~ Wygp
Cw = 3300 pF, s = BORA
Acquisition Time ta 0 | 40 | oo 14
Acquisition Current la 150 HA
Ramgp Start Delay Time 1o 100 s
Multiplexer Address Timae T 1 s !
Digital H Level Input Voltage L™ 20 W I
Digital L Level Input Valtage Vi 0.8 v |
Digital L Level Input Current [ =5 =15 B Wy =04y
Digital H Level Inpart Current '™ 1 A Vin = 5.5V
H Level Output Current lawm 10 A Waou = 18V
L Level Output Voltage Vi 0.4 v lgL = 1.6 mA
Supply Current lee 5 10 A
|
A minus sign [—] prefixed 1o & current value indicates that Wew of the Cy términal ocburning when an ingut

the currgnt flows from the |C to the external circuit.

11

12

3

Conwersion @rror: Errors for all channels from a straight
line between two points obtained by channel addresses
OO0 (0 scale) and 117 (full scale],

Linearity error: Deviation from a straight line between
the 0 and full scale points for each channel,

Crosstalk between channels: Voltage change guantity

AL}

voltage of & channel ks changad by AV, while another
channael is already charged (RAMP START = 0], This is
ealeulated by 20 log S

ﬁ'ﬁ'|

Acquisition time: Sum of multiplexer delay time,
RAMP START delay vime, and time required to charge
the selected input voltage to the ramp capecitor.
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Fig. 2 — CONVERSION ERROR
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Fig. 4 -ACQUISITION [CONVERSION TIME TEST CIRCUIT

Fig. 3 = LINEARITY ERROR
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Adjust Rgee i the rangs 40 to 200 kIl so that |y is 12 to 50 pA,

Fig. 5 = TIMING CHART

A~ Ay Inpul

FAMP START bnput

Cy Voltege

AMP STOP Dutput

X N
lulll.
Vin
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OFERATION DESCRIFTION

The sddress of the channel to be converted (from among
the eight analog Input channels of the MB 4053; 1, 1o 1y,
GND, and Vgge ) is st on address lines Ay to Ay and the
RAMP START input is set from 1 to 0. Then, an external
ramp capacitor connected to the Gy pin is charged at a
fixed rate *1 and the voltage at G increases until it
matches the sum of the input voltege of the selected
channel and a constant shift voltage {Vagal.

If the voltage at Cyy exceeds the threshold voltsge [(Vapsz)
of the comparator during Cy charging, the RAMP STOP
output is set from 0w 1.

After charging is completed, the RAMP START input is set
from O to 1, Then, the analog input is disconnected from
the external capacitor and the external ramp capacitor is
discharged at a fixed speed "2

When the voltage st Cy s less than the threshold volisge
Vgez] of the comparator, the RAMP S5TOP output is set
to 0, completing a conversion cycle for one channel,

The time, RAMP time tp, from RAMP START input
switching [0 - 1] to RAMP STOP output {1 = 0] is almost
directly proportional to the analog input voltage, If there is
no error caused by impedance of the internal reference
current source, comparator switching level error, leakage
path, or delay time, ramp time ty is calculated a3 fallows:

C
tr = Y sf

Whare: WV, = Analog input voltage to be messured

Cy = External ramp capacity

This ramp tme & converted 10 a digital representation by
counting tg with the microprocessor.

In practice, the result is not completely accurate, but the
error can be minimized by pearforming correction proces-
sing with the microprocessor using the GND snd Vgee
wollage conversion results. When & small error is allowable
the A/D coversson software functions can be reduced and
conversion Time minimized by omitting the GND and Vg e
COMmETEion,

Ta =) 160uA - |
1  Charge siops = ACHH > 50u n

Cu

Where: |, = Acquisition current whose value is deter-
mined from the circuit constant in the 1C.

I
*2 Discharge slope = -ﬁ#

ZERO OFFSET AND FULL-SCALE
FACTOR CORRECTIONS

When high-precision conversion is required, the zero offset
and full-scale factor can be cormecied as follows:

The chanmel select address is set to 000 and GND is con-
verind; the ramp time & sssumed to be 1tz MNext, the
atieiress is set to 111 and VW gee is converted; the ramp tirme
s msumed 10 be ... Finally, the address of the analog
input to be measured is specified and converted; the ramp
time is mssumed to be 1y, The correspondence between
each snalog input voltege and ramp time is as follows:

Vo

Vmer * Ve

Vim * Vi

VaE

VeEZ

TREF

Wgeile =12

INper * Yag1le = tnep
Wy + VEE1l =1
VREFl: = tREF ~ Iz
Winle =tx -1z

Wiple  1x -1z
“"REF]: tper =tz

The conversion error can then be minimized by using the
shove resulis in the expression below to calculate the
corrected analog imputl voltage.

Where: Wy = Analog input voltage 1o be measured
Vaer = Reference voltage
Vaes = Shift voltage in sample/ramp amiplifier
Vgez = Threshold voltage of comparator
Vem = CH vol tage

The GND and Vgep conversion sequence is arsitrary, the
GHND and Vges conversions not being needed sach tome a
channel {1, to | ) is converted.
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PIN DESCRIPTION
Pin nurmber Mame Symibol Function
8~13 Analog input i =~ lg Analog inputs for the six channels, A channel is selected with
15 channel specification input A, to A,
16 Channel selection | A, Inputs for selecting an analog ingut channel, One of channals
1 input By GMD, 1; to lg, and Vaep is selected with the three inputs,
2 By Mg 10 Ay .
3 RAMP START RAMP START | A/D conwvaersion start signal input.
signal input Al RAMP START =0, an analog voltage of the input channel
selected with Ay to A; charged to the ramp capacity is
discharged.,
7 RAMP STOP RAMP STOP A/D eonversion end signal output.
signal putput When the voltage of the ramp capacitor exceeds the threshold
woltage [Vgez) of the comparator, the RAMP STOP gutput is
set to 1; otherwise, it is set to 0L
4 Ramp capacitor Cia Pin for externally connecting the ramp capacitor.
pin A ramp time ks generatad by discharging the analog input
woltage charged to this capacitor level according to the reference
current,
8 Reference woltage | Vagr Referance woltage supply pin,
supply pin This is the reference voltage source for determining the discharge
eurrent and the analog refersnce woltage for full-scale {actor
correction,
When the channel selection input is st to 111, this pin is selected
tor channel conversion. The full-scale factor is corrected wsing the
conversion resulis,
The voltage at this pin must be set to (GND + 2 V) 1o (Ve = 2V)
and 5.25 V or less,
5] Reference resist- Rmes Pin for externally connecting the reference resistance for setting the
aAnCE pin dischargs current. i
The external resistance is connected between the power source pin
(Ve b and reforence resistance pin (Rggg ). The discharge current
is, then, g = (Vee - Vaer Raee.
14 Power supply Veo Power supply pin
] Grownd GND Groasnd pin
This pin is grounded. When the channel selection input is set to 000,
this termingl is selected for channel conversion, The zero offsen is
corrected using the conversion results.
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NOTES ON USE

1. Since the impedance of the ramp capecitor pin s ap-
proximately a0 ML (high), a resistance must not be
connected in paralleled with this input. A ramp
capacitor with no leakage must be wsed,

LAt Ve =0V, 1y has a finite vahes,

. Since RAMP STOP is an open collector output, an
esternal pullup resistor is required, [For example, when
8 40 kIl external pullup resistor is used, the RAMP
STOP cutput switching (1 —+ 0] is ramp time 1q,

4, All digital inputsieutput are TTL compatible.

6. The time from RAMP START input switching (0 = 1}

to RAMP STOP output switching (1 = 0] is remp time
tn :

Lk

¢
6oL 2 fagua iy ¥ Veer
w _En

7.th n

“® Wi, tg (max) % %= VWReE
B lp = Ve - Vaer
Raer
82V E Vagr = (Voo -2V and Vaer = 525V
10. While an analog input voltage is being sampled, channel
selection signals Ay, A, and A; must not be changed
for {tg, ).

Fig, 7 = APPLICATION

APPLICATION EXAMPLE

Exarngle of circuit for analog voltage (D=5V) A/D conver-
sion with 10-bit resolution

1. Ternperature sensor

2. To other sensor

3, Control input/output from MPLU
Referenos ol tage:

Ramp current:

Imput vol tage:

Ramp time

A

Example of analog voltage (0—5V) ASD conversion with 10-
bit resolution i shown in Fig. 7,

If the ramp time is counted with 8 1 MHz clock, the follow-
ing resolutian |s obtained,

Tha resolution can be ncressed by increasing the value of
the capacitor, reducing discharge current lg, or rasing the
clock frequency.

A shown in the above example, the voltage output of the
sensor is proportional to Vee [(Eq. [3)) and VRee is also
progortional @ Vep (Eg. (111, the semsar autpul comver-
sion results (Eq. (4)) are not influenced by power supply
woltage fluct Such a cor is called ratic metric
coneersion and is effective for minimizing the effecs of
comersion error. Supply woltege fluctuations during dis-
charging do result in ermor, however,

EXAMPLE
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— g .
- __—-'_'__'_ Ratwencs Wallepr W * 5 'I“. Wer =1
Aoy il a0kD . .
- Piarngs Cairannt: Iy = - — W =i
i “hawp ) Fow Fner 7
1 sTant| ] - e
N - 2;';r | epun Molimge Wiy = Py - Voo -
Targersnare| 2 [P Caenre inmiaf &
- . [} A - ceatped e |
B ?j e -1l . Trgim BPL R T I, & Wik~ "
o aakar _
| Seracs | M . Ay T ™ 1w
Wavmg ~ TTHEEl e Gy Pagr -
. o L] £ -+ L
1
koS L .
=] 3 ¥ = BB
" 0 = LU '1PE S 1]
- o AL Mg —A— T L L
LMD RAgpp . o] _Ei_.“.. B TE]
Ry o r A Cay = BOORF P Fu BV
1] = Wpgp , S0000F = &
:-mT | -|- .hcml'i T 200en
Ly Y RS 5 B
/)!' 1....“.1,_-4-_5,_.-1-:»-.
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PACEKAGE DIMENSIONS Dimensions in Inches (millimsters)

156-LEAD CERAMIC (CERDIP) DUAL IN-LINE PACKAGE

DIP-16C-CD2
o =15
O mn ‘!—— R
A O2500, 643 Il | I
REF_ |
o X I05(7,75
gﬂ‘;nﬁ aﬁm.n: IMTENTYP
| I
il..l | NNy NN [y N [ (NN [ NN [ Ny i | J . |
(PR 0915
.TABIz0.02 P h
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e
| 12043.051
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o 2. 20| | | [
e [+ | Bsai’ 271
e NG [T E X 1T T
O5E(1 431 01%00,33)
&I 57) = ™ azainse
14-LEAD PLASTIC DUAL IN-LINE PACKAGE
DIP-16P-MD1 .
i& 15
o 1 O e O :
/O 2a046.101 0047 BN TYE,
INDE X .am?ﬁ.um
—t |
[ g I [y [y Iy Ny B | _I 1
— -:;:I;‘:-Z ooE0.3m |
1400361
— RN R
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| PACKAGE DIMEMSIONS continusd
16-LEAD PLASTIC FLAT PACEKAGE
FPT-16P-MO01
0.2810,71)
—
— .ég?mml A02015.281
03000511 . RHESH G26015,90
DOTI0 B \\
271069 144,
Devails of A" part
\ 400 36) 00610.131
AS011.ITTYP l—-— —-I I_*M?lu 50 a0t
SE2 018, 70 AT40.61D
ADB0UTE) .0G8 0991
. BB 1BIMAX
Carcuit diagrame ulilizing Fupilsy products ans included &5 & meard ol il ing typical whuclor Bpplications 8 informra-

tien sufliciant for consiruction purposas is nod necassasly given. The informalion has besn camlully checked and is balloved 1o ba l11|:||'l||f Tl i
Howaver, no responsl bility |s assumaed for insccuracies. Fartfsemone, such indormaion does mot conmeey bo the parochaser of the semicondunion devioes
deacribed hemin any licérae yrder the patent rghls ol Fujitiu Limiled o cihars, Fujilsu Limiled resscms 19 right 16 changs device specilicalions.
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