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6-CHANNEL 8-BIT A/D CONVERTER SUBSYSTEM

The Fujitsu MB 4053 and MB 4063 are 6-channel, 8-bit, single-slope A/D
converter subsystem designed to be used in a microprocessor based data con-
trol system. These devices provide the anatog functions while the addressing,
counting and timing functions are provided by a microprocessor such as the
MB 8840/50, MBL 8048, MBL 8086, or MBL 8088,

The MB 4053 and MB 4063 are single monolithic bipolar IC providing a 1 of
8 address decoder, 8-channel analog multiplier, sample and hold, constant
current generator, ramp integrator and comparator in a 16-pin package.

These A/D converter subsystems are suitable for a wide range of applications.
The resclution required by an application can be obtained by arbitrarily
selecting a suitable integration time. Also zero offset and full-scale error
corrections can be made automatically (auto-zero and auto-calibration) to
minimize conversion error.

Microprocessor/TTL compatible

Zero offset and full-scale error correction capability
Ratiometric conversion capability

Available in 16-pin DIP and Flat Pack

Compatible with MC14443 and pA9708 (DIP package}
Single power supply . +475V to +16V

Excellent linearity 1 £0.2% max. error

Fast conversion time  : 300 us/ch typ.

Analog inputvolgage : OV toVec —2V {5.25 V max.)
Power Dissipation : 26mWityp.atVee =5V
Standard 16-pin DIP or flat package,

ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Value Unit
Supply Voltage Vee 18 3
Digital Input Voltage Vo ~0.5 to +30 v
Digital QOutput Voltage when Off Von -0.5to +18 v
Analog Input Voltage Via -0.5 to +30 \
Output Current o 10 mA
Ceramic -55t0 #1650 | °C
Storage Temperature Tsta
Plastic -55t0 +125| °C

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM
RATINGS are exceeded. Functional operation should be restricted to
the conditions as detailed in the operational sections of this data
sheet, Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

May 1986
Edition 3.0
CERAMIC PACKAGE
DiP-16C-C02
CERAMIC PACKAGE
DiP-16P-M04
PLASTIC PACKAGE
FPT-16P-M01
PIN ASSIGNMENT
A Ag
A h
RAMP
sTaRT ] Vee
cul] [P
TOP VIEW
GNolds 120 ] 13
Raeel |6 N s
RAMP
stor]? 10l 1is
Vaer(]8 ig

This device contains circuitry to protect the
inputs against damage due to high static valt-
ages or electric fields. However, it is advised
that normal precautions be taken to avoid
application of any voltage higher than maxi-
mum rated voltages to this high impedance
circuit,
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INPUT

VnEF»

ANALOG
INPUT

Fig. 1a — MB 4053 BLOCK DIAGRAM
RAMP START
Vee {FROM MPU)
SAMPLE/RAMP
A AMPLIFIER COMPARATOR
ANALOGL 4|, o— RAMP STOP
MULTI- vl (TG MPU)
PLEXER| Vamer In
REFERENCE
GURRENT
GENERATOR = Veez
5
® ©®
Ko Ay Aq Rpge GND Cn
(FROM MPU)
Fig. 1b — MB 4063 BLOCK DIAGRAM
RAMP START
Vee (FROM MPU)
. SAMPLE/RAMP
AMPLIFIER COMPARATOR
ANALOGL |y RAMP STOP
MULTI- vl ‘—_{>—o/ {TO MPU)
PLEXER| Vaer In
REFERENCE
CURRENT _K
GENERATOR = Vees
® é‘)
Ag A A Rper GND Cy
(FROM MPU)
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RECOMMENDED OPERATING CONDITIONS
Condition .
Parameter Symbol Unit
Min, Typ. Max.
Supply Voltage Veo 475 5.0 15 v
Ref % . M8 4083 v 29 5.25 \Y
sference Voltage MB 4063 REF 28 -
Ramp Capacity Cn 300 pF
Referance Current ln 12 50 HA
Analog Ingut Voltage Via 0 VREF . v
Qutput Current o 1.6 mA
Operating Temperature Ta -40 +85 °c
NOTE: *2V £ Vger € Vee -2V for MB 4063, 2.8V < Vger £ Ve -2V for MB 4063
ELECTRICAL CHARACTERISTICS
(Vec =475V 015V, Ta = -40°C to 85°C)
Parameter Symbol Value Unit Remarks
Min. Typ. Max.
Conversion Error Ea 0.2 0.3 % f1
Linearity Error Eq +0.08 0.2 % 2
Analog Input Current Ig -50 ~-250 nA
Crosstalk Between Any Two Channels Ver 60 dB 13
Multiplexer Input Offset Volitage Vosm 2.0 4.0 mv

gee Itest,cimttxit0 thru Vi
ion Ti 206 | 35 n | Analog input: 0 thru Vaee
Conversion Time tc 0 us/cl Chr = 3300 pF. 15 <50 bA

See test circuit

Acquisition Time ta 20 40 us Cy = 1000 pF t4 -
Acquisition Current la 150. HA '
Ramp Start Delay Time to 100 ns
Multiplexer Address Time tm 1 Hs
Digital High Level Input Voltage Vin 20 \")
Digital Low Level Input Voltage Vi 0.8 \
Digital Low Level Input Current I -5 -156 MA V=04V
Digital High Level Input Current lin 1 uA Viu=5658V
High Level Output Current lon 10 MA Vouy =15V
Low Level Output Voltage Voo 0.4 v loL=1.6mA
Supply Current lee 5 10 mA
A minus sign (—) prefixing a current vatue indicates that Cy terminal occurring when an input voltage of a
the current flows from the IC to the external circuit. channel is changed by AV, while another channel is
t1 Conversion error: For all channels, deviation from a already charged {(RAMP START = 0). This calculated
straight line between two points obtained by channel by 201 AVey
addresses 000 {0 scale) and 111 {full scale}. Yy <vlog ay,
2 Linearity error: Deviation from a straight line between t4 Acquisition time: Sum of multiplexer delay time,
the 0 and full scale points for each channel. RAMP START delay time, and time required to charge

t3 Crosstalk between channels: Voltage change Ve of the selected input voltage to the ramp capacitor.
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01-0)
1-5V"
FUWITSU MB 4053
MB 4063
Fig. 2 — CONVERSION ERROR Fig. 3 — LINEARITY ERROR
1
tagr Z: e~ tage: -
“:Address " 111" ,"! f\’
7 // in
E | E Eg
= = /
a. o 7
2 ! = S
é E St: ,//
I A
t l 15}
INPUT VOLTAGE Vage 0 INPUT VOLTAGE Vaer
Fig. 4 — ACQUISITION/CONVERSION TIME CHANNEL SELECTION
TEST CIRCUIT . : dd i
. nput address line Selec_ted
T 7 T Y T T Ay A Ao analog input
T 0 0 0 GND
Ao Ih Vec b b3 14 Is g 0 0 1 I
773 AR
Ay Ay ?‘?AMHPT Ch GND Rper ?TAC%P Vaer Y 1 1 £
_l_ L 1 0 0 Iy
=275v
S el - 1 ] i Is
In 1 1 0 ls
= T afsvarsv - 1 1 1 VRer
Adjust Rgeg in the range 40 to 200 kS so that Ia is 1210 50 uA.
Fig.5 — TIMING CHART
\'
Ay ~ A, Input K 1"
Vio
[—1g | ——]
_— Vin
RAMP START Input
Cn Voitage
————— Vou
RAMP STOP Qutput
R VoL
tc
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OPERATION DISCRIPTION

Refer to Fig. 1 MB 40563/MB 4063 BLOCK DIAGRAM,
and Fig. 5 Timing Chart. Address inputs Ag to A, are used
to select the analog input to be converted, (one of the six
analog inputs 1; to Ig). The RAMP START input is
switched from a logic 1 to a logic zero. This causes the ex-
ternal ramp capacitor Cy to charge at a fixed rate. (Note 1)
until it reaches the sum of the selected analog input voltage
and a constant offset voltage Vgg1. The RAMP STOP out-
put {open-collector switches from a logic O to logic 1 when
the voltage on C,; reaches the comparator reference voltage
Vggz. The RAMP START input is switched back to a logic
1 after Cy is completely charged. This disconnects the
analog input from Cy and allows it to be gin discharging
at a fixed rate {(Note 2}. When the voltage on Cy reaches
the comparator reference voltage Vgg, the RAMP STOP
output switches back to a logic 0. This completes a conver-
sion cycle for 1 channel.

The time between the RAMP START input switching
(0—1) and RAMP STOP output switching {1—=>0) is the
RAMP TIME tg. This would be directly proportional to
the analog input voitage for the ideal situation where there
was no comparator switching level error, leakage, switching
delay times or effect of the impedance of the internal
reference current source. tg can be calculated for the ideal
case as follows:

Ch
a=Vin X1
2}
Where: V,y = Analog input voltage to be measured
Cu = External ramp capacitor

Ip = Yee - Vaer g 4053
Rper

VRer
lg =—/—— 4063
A= 3R forMB

This ramp time is converted to a digital representation by
counting tg with the microprocessor, If a small error can

be tolerated, the A/D conversion software can be reduced
and the conversion time minimized by omitting corrections.

NOTE:

*1 Charge slope = -2 L 2 150uA -
Cy

Cu

Where: |5 is the acquisition current whose value is
determined from the circuit constant in the I1C.

*2 Discharge slope = -é—a
H
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ZERO OFFSET AND FULL-SCALE
FACTOR CORRECTIONS

High precision conversions can be achieved by correcting
for zero offset and full scale factor as follows:

The channel select address (Ag to A,) is set to 000, Ground
(GND) is selected {internally) as the analog input and con-
verted. This results in ramp time tg. Next the address is
set to 111, Vper is selected (internally) @nd converted,
This results in ramp time, tger. Finally the desired analog
input (one of 1, to 1g) is selected and converted, This
results in ramp time tx. This conversion sequence is arbit-
rary and the GND and Ve conversions are not needed
each time a channel is converted but only as required for
calibration. The relationships between the inputs and ramp
times are shown below.

Vge1le =tz

(VRer + Vae1le = trer
(ViN +Vgerle =tx
(VRer)c =tReF -tz
Vinde=tx -tz

(Vinde _ ty -tz
(Vegrle tReF -tz

VeH

Vaer *+ Vae1

T
tz tx tRer

The conversion error can then bg minimized by using the
above results in the éxpression below to calculate the
corrected analog input voltage.
(Vinde = {Vrerlc X xlz
taer —tz
Where: Vy = Analog input voltage to be measured
VRger = Reference voltage
Vge1 = Shift voltage in sample/ramp amplifier
Vgea = Threshold voltage of comparator
Ven = Cy voltage

The GND and Vrer conversion sequence is arbitrary, the
GND and Vgee conversions not being needed each time a
channel ([, to l¢) is converted,
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Pin number

Name

Symbol

Function

9~ 13
15

Analog input

I thru lg

Analog inputs for the six channels. One of the 6 is selected by a
specific bit pattern on Ag to A,.

16
1
2

Channel selection
input

Inputs for selecting an analog input channel, Either GND, one of
channels 14 to Ig or Vggg is selected by a specific bit pattern on
the 3inputs, .

RAMP START
signal input

RAMP START

A/D conversion start signal input. RAMP START (1-0)
Ramp time start signal input. RAMP START (0> 1)

RAMP STOP
signal output

RAMP STOP

Indicates that Cy; is charged over comparator reférence voltage
Vgea. RAMP STOP (0~ 1) A/D conversion end signal {Cy
discharged to comparator reference voltage). RAMP STOP {0—>1)

Ramp capacitor
pin

Cu

Pin for externally connecting the ramp capacitor. The value of
Cy in conjunction with Ve and Rpge establishes the ramp
time.

Reference voltage
supply pin

VRer

Reference voltage supply pin.

This is the reference voltage source for determining the discharge
current and the analog reference voltage for full-scale factor
correction,

When the channel selection input is set to 111, this pin is selected
for channel conversion, The full-scale factor is corrected using the
conversion results.

The voltage at this pin must be set to {(GND +2 V) to (Vee -2V)
and 5.25 V or less.

Reference
resistance pin

Rrer

Pin for external reference resistance for setting the discharge current,

MB 4053:

The external resistance is connected between the power source pin
{Vce) and the reference resistance pin {Rggr). The discharge
current is, then, lg = (Voo -~ Vgee )/Rper.

MB 4053:

The external resistance is connected between the reference voltage
supply pin {Vgeg) and the reference resistance pin (RRer).

The discharge current s, then Iz = Vger /2Rpee.

14

Power supply

Vee

Power supply pin

Ground

GND

Ground pin

This pin is grounded. When the channel selection input is set to
000, this terminal is selected for ¢hannel conversion. The zero
offset is corrected using the conversion results.
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NOTES ON USE

—

[S 003

. tgL 2 ta (max) =

. Since the impedance of th ramp capacitor pin is ap-

proximately 30 M2 (high), a resistance must not be
connected in paralleled with this input. A ramp capaci-
tor with no leakage must be used.

. AtViy =0V, ty has a finite value.
. Since RAMP STOP is an open collector output, an

external pull-up resistor is required. {For example, when
a 20 K external pull-up resistor is used.)

. All digital inputs/output are TTL compatible.
. The time from RAMP START input switching {0 - 1)

to RAMP STOP output switching {1 ~ 0} is ramp time
tq.
Cun

M (Vaes +07V)
150 wA 17 < VRer

©

Ste

31 D BN 3?497L2 001bLL71 2 MEFNI
T-51-07-01

il

MB 4053 FUJITSU

MB 4063

C . C
s TH-x vy, tg {max) -‘--ﬁx Vasr

Vree
- Rrer

_ Vee - Vaer
Ip = —SC~ YREF
Rrer
for MB'4063

for MB 4063, 15 =~

.2V g VREF g (VCC -2 V)and VREF g5.25 \'

for MB 4053
2.8V € Vaer € (Vee -2 V) and Vg <626 V
for MB 4063

. While and analog input voltage is being sampled, channel,

selection signals Ay, Ay, and A, must not be changed
for {tg, ).

TYPICAL CHARACTERISTIC CURVES

bineanty Error |% of FSR)

Fig. 9 — LINEARITY ERROR
vs INPUT VOLTAGE

Fig. 10 - PEAK LINEARITY ERROR
vs AMBIENT TEMPERATURE TA

Fig. 11-SUPPLY CURRENT
vs AMBINENT TEMPERATURE

T 8 T
0.20 Voo v o Ve =8V Voo 8V
yee "8, g 018 VRgr =5V Vaer =6 V—
c“-;moo;ws - ln=124A < Ig <50 uA
0.16 T“ Lsc ] s Cyy = 1000 pF ]| E 8
the12uA A LR [
AN :° 3 T
0.2 w E 4
H 3
/ 25 4A \ ; 0.4 >
o.08 J § 2
/ / o \ i =
0.0 Vi 1 R )
X v °
-60 50 100 -50 [} 50 100

0 ) 2 3 4
tnput Vottage, V, 4 (V)

Ambient Temperature, T [°Cl

Ambiert Temparsture, Ta [°Cl
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APPLICATION EXAMPLES

Examples of analog voltage {0 - 5V} A/D conversion with 10-bit resolution are shown in Fig.7 and Fig,8.

Fig. 7 — Application Example of MB 4053
Vec=8v
[}
sV
Rg 20 k2
Vee
Ih RAMP
STARTY{
MP
=12 Sror
A Contro! input/
- I3MB 4053 2 output from MPU
Temperature | & To other
Sensor EJR Sensor la A
- 1g Ag —-
3
R s CH In
3K -~
e Veer Rger —RW\r—
<R2 GND REF -
Sska 120 k0 TCH G000pF
£E
- 7
Reference Voltage: V R, v 7.1 As shown in this example, the voltage autput of the sensor
erence . 52 R : . y
¢ 9¢: Veer " g R, € is proportional to Vee (Eq. 7-3) and Vger Is also pro-
R, 1 v 72 portional to Ve (Eq. 7-1), the sensor output conversion
Ramp Current: iq = R, +R; Rper CC77 - results (Eq. 7-4) are not influenced by power supply voltage
Rx fluctuation. Such a conversion is called ratio metric conver-
input Voltage: Vy = Ax + Fig *Vee 7-3 sion and is effective for minimizing the effects of conversion
c error. Supply voltage fluctuations during discharge do result
Ramp Time: th = V,y - Ti in error, however.
R
Rx Ra
= {14+ —")» Cy * Rppp -reeereesrsarsrares 74
Rx + Ry ( R, H REF
5kQ
Vagr = —————_x8V=5Y
3kQ2+5kN
- V-5V
Ig = Vee - Vaee = 8_= 25 A
Rper 120 k2
v 5000 pF V+0.7V
oL 2 X Veee BEXBVO0TV)_ g
= latming - In 150 pA - 25 A
Cu X Vags _ 5000 pF x 5V
t = = = 1000 us
Amax = In 25 uA u
If the ramp time is counted with a 1 MHz clock,
the following resolution is obtained.
M = 1000 = 210
1us
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Fig. 8 — Application Example of MB 4063

Ramp Time: tgq = V5

2Rper  2x 100k

Cu
tr

CyxV 5000pF x (5V+0.7V
tou 2 —— et . T X < 2284
la{min} — g 150uA — 25uA
ChxV
tm = M REF _ 5000pF x 5V = 1000us

In

1000us
us

25uA

if the ramp time is counted with a 1 MHz clock,
the following resolution is obtained.

=1000 = 2'°

VREF =8V Vee =8V
[
5V
Fe 20k
Ve
Ih RAMP
START|
- RAMP
I2 sTOP
- A Controt input/
'3 16 4063 output from MPU
Temperature | >{R,, |70 other A
Sensor E:J X 1Sensor s 1
~— |5 Ao -
—— |6 CH 0
B
Vaer RHEF—H'\M—
GND REF Lo
100 K@ T Cn=50000F
nr
A
Ramp Current: |g = REF 8-1
2Rger
Input Voltage: V Rx v 8-2
nput Voltage: = . X
g N Rx * Rg REF

7-47




FUJITSU MICROELECTRONICS

FUJITSU MB 4053
Liii2% MB 4063

PACKAGE DIMENSIONS

31E D

& 37497b6e 001b174 & EMEFMI

T-51-07-01

R.025(0.64}
REF

.281(7.

.754(19.15)

lUl_Il_II_FLJl_II__JUJ

.788(20.02)

—-1 }=—.050{1.27)MAX

.264(6.71}
7.14)  .325(8.26)

.305(7.75)

16-LEAD CERAMIC (CERDIP) DUAL IN-LINE PACKAGE
(CASE No. : DIP-16C-C02)

I T e Y Y Y i o

.300(7.62)TYP

|\

/

.110(2.79)

0 | i H
.090(2. | 032(0.81
90(2.29) i ] 81|

REF

)

.200{5.08)MAX

-120(3.05)
.150(3.81)

.020(0.51)
.050(1.27)

.056(1.42)
.062(1.57)

.700(17.78)REF

—

.013(0.33)
.023{0.58)

.008(0.20} '

.014{0.36)

Dimensions in
inches (millimeters})
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16-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No.: DIP-16P-M01)

TYP,

.100(2.54))

|

|
|

047(1.20}

.060{1.50)

| \
7 .197{5.00) MAX
118(3.00)MIN,
_J 016(0.40)
02300.59) 020(0.51)MIN.

0°~156°
I T Y I O N ,
/O .240(6.10) .300(7.62) TYP,
INDE X .26016.60}

I O A N Y B }

.798(20.28) MAX £09{0.24)

014{0.36)
e 1:05001.27)MAX

Dimensions in
inches (millimeters)
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16-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-16P-M02)

L4
38219.7) )
408(10.4) j 002(0.05}
| [[008(0.20)
— (STAND OFF)
AARAAERRE
i
!‘291 .
INDEX ! 323(8. 260%6.61
s 1971520} 283(7.2)
O/ 220(5.6)
i
' [y
RERRARE 5383
o 1
: i! 005{0.13}
050(1.27) . i1 .01410.35) | ,-005(0.13}
TYP 02210.55) i 008(0.201
: 085(2.15)
MAX

©1988 FUJITSU LIMITED F16005S-2C

Detail of "A'* part

£08(0.2)

]
[4

.020(0.5)
|007(0.18)
MAX

027(0.68)
MAX

Dimensions in
inches (millimeters)
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