HD144438B,HD144478B

Analog to Digital Converter Linear Subsystem

The HD14443B and the HD14447B devices are 6 channel, single
slope, 8 to 10 bit analog to digital converter linear subsystems for

B FIN ARRANGEMENT

microprocessor based data and control, systems. Contained in Al E ~ 6] A0

both devices are a one of 8 decoder, an 8 channel analog multi-

plexer, a buffer amplifier, a precision voltage to current converter, Az[ ] [15] can

a ramp start circuit and a comparator. The output driver of the ﬂampE E Voo

HD14443B comparator is an open-drain N-channel capable of sink- Start '

ing up to SmA of current. The output of the HD14447B compara- poidl) [13] che

tor has a standard B-Series P-channel, N-channel pair, A processor v

system provides the addressing, timing, counting, and arithmetic =[5 2] chs

operations required for implementing a full analog to digital con- Currfr:tl E EC“

verter system, A system made up of a processor and the linear sub- Comp

system has features such as automatic zeroing and variable scaling Qut E EC“

(weighting) of six separate analog channels. v o’f;;ge E E]C"G

B FEATURES (Top View)

* Quiescent Current = 1.6mA typ. @5V P

+ Single Supply Operation = 4.5 to 18V

e MPU Compatible

e Typical Resolution = 8 bits B TRUTH TABLE

* Typical Conversion Cycle as Fast as 300us

e Ratio Metric Conversion Minimizes Etror AZ |Al] AD Input Selected
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HD14443B,HD14447B

W ELECTRICAL CHARACTERISTICS

—40'C 25C 85T
Characteristic Symbol Test Conditions Unit
Vop(V) min | max | min | typ | max | min | max
5.0 —| 0.05 - | 0.01 0.05 ~ 0.05
VoL 10 | Vi.{Pin 4)=0V —| 0.05 -| 0.01] 0.05 —| 0.05 v
Qutput Voltage 15 - 0.05 —=| 0.01 0.05 —| 0.05
{ Comparator} 5.0 4.95 —1 4.95| 4.99 — 1 4.95 —
V. (Pin 4)=1.0V
Vou 10 9.95 —| 9.95| 9.99 -1 9,95 - v
(R.=10kQ to Vop HD14443B only)
15 14.95 —114.95| 14.99 — | 14.95 -
- 5.0 | Vow=4.50or 0.5V - 1.5 - | 2.25| 1.5 - 1.5
Vi 10 | Vowr= §.0 or 1.0V —| 3.0 - | 4.50 3.0 —{ 3.0 v
Input Voltage 15 | Vour=13.5 or 1,5V —| 4.0 —~| 6.75| 4.0 - 4.0
(AD-Al-A2-Ramp Start) 5.0 | Vow= 0.5 or 4.5V 3.5 - | 3.%| 2.75 - 3.5 -
Via 10 | Vow= 1.0 or 9.0V 7.0 —| 7.0| 5.50 - 7.0 — v
15 | Vew= 1.5 or 13.5V 11.0 —| 11.0| 8.25 —| 11.0 -
5.0 Vor=2.5V | —2.5 - |—2.1| —4.2 - | -1.7 -
5.0 Vi iPin 4)=1.0v | Von=4.6V—0.52 — |—0.44|-0.88 —|—0.36 -
ITox o Co mA
1t | (H1D14447B only] Vor=9,5V| —1.3| —| —-1.1|—2.25 —| —0.9 -—
Qutput Drive Current
15 Vou=13.5V] —3.6 —| —3.0| —8.8 —1 —2.4 -
{Comparator)
5,0 Vor=0.4V}{ 0.52 — | 0.44 0.88 = 0.36 -
loi 10 V. (Pin 4) =0V VoL=0.5V 1.3 - 1.1 2.25 - 0.9 - | mA
15 Vor=1.5V 3.6 - 3.00 8.8 - 2.4 -
Input Current
Jin 15 -1 +0.3 - —| 0.3 —1 1.0 uA
[A0-Al-A2-Ramp Start)
Input Carrent { Analog Inputs) Iin 15 - - =1 £0.1] +10 - —| nA
input Capacitance
Cin 15 | Via=0V - - - 5,00 7.5 - - pF
(A0-Al-A2-Ramp Start)
5.0 - - - 1.6 - - -
{Quiescent Current bo 10 | Zero Signal, per Package - - - 3.0 - - —| mA
15 - - - 3.4 - - —
S, ™| Vo T e | [w
Reference Current Range | Ir - - 10 - 40 - - | wA
5.0 - - 0 - -2.5 - -
Common Mode Input Voltage | Ve 10 - — 0 - 7.0 - — v
15 - - 0 - 12 - -
5.0 — - —| 0.285 - - —
Buffer Amplifier Output Offset Veo 10 - - —| 0.400 - - - v
15 - - —| 0.420 - - -
Vio
5.0 - - | 0.195| 5 o4 - -
Comparator Threshold Vrc 10 — — —1 0.275 Eﬂg 04 — — v
Vbo
15 - - —| 0.290 ,_50_04 - -
5.0 - -| 20 —| 25 - -
Reference Voltage Range | Vr 10 - — 2.0 - 7 - - v
15 - - 2.0 - 12 - —
. . ’ % Full
Conversion Linearity Lc Vin=Vpo—3V, C>100pF - - —| 0.15) 0.3 - " seal
. cale
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HD14443B, HD14447B

B SWITCHING CHARACTERICS (C.=50pF, Te=25C)

Characteristic Symbal Voo(V) min typ max Unit
5.0 - 120 240
Output Rise Time(Comparater){H144478 only) i 10 - 75 150 ns
15 - 65 130
5.0 - 250 500
Output Fall Time (Comparator) tr 10 — 350 700 ns
15 - 650 1300
5.0 - 750 1500
tPLH 10 - 600 1200 ns
HD14443B 15 - 550 1100
{RL=10kQ to Vpp) 5.0 — 500 1000
tPHL 10 - 300 600 ns
Propagation Lelay Time 15 - 300 600
{ Comparator) 5.0 - 600 1200
tPLy 10 - 475 450 ns
HDI4447lB 15 - 500 1000
5.0 — 450 980
towi, 10 - 540 1080 ns
15 — 750 1500
5.0 - 300 600
Multiplexer Propagation Delay W 10 - 200 400 ns
15 - 180 360 |
5.0 - 40 80
Ramp Start Delay Time iTs 10 - 25 ) 50 ns
15 — 20 40
5.0 - — 50
Acquisition Time {C=1000pF)* 1A 16 - - 30 HS
15 - - 28

* Acquisition Time includes multiplexer propagation delay, ramp start propagation delay and the time required
te charge ramp capacitor to the selected input voltage.

& DEVICE OPERATION
e ADDRESS INPUTS SELECT (AQ, Al, A2 Pins reached the discharged voltage and is high other-

1,2, 16) wise.

The input voltage source to be presented to the ¢ REFERENCE VOLTAGE (Ref Voltage, Pin 8)
measurement system according to the Truth Table. This voltage can be set to a voltage between Vgg
e RAMP START (Ramp Start, Pin 3) = 2V and Vpp-2V. This is the known voltage to

When the Ramp Start is low, the ramp capacitor ~ Wwhich the unknown is compared.
is charged to a voltage associated with the selected *® INPUT CHANNELS (Pins 9, 10, 11, 12, 13, 135)

input channel, When the Ramp Start is brought Inpu‘t channels 1 through 6 are used to monitor
high, the connection to the input channel is broken up to six se?a_rate unknown voltage. Selection is via
and the capacitor begins to ramp toward Vgg. the address inputs,
e RAMP CAPACITOR (Ramp Cap, Pin 4) « POSITIVE POWER SUPPLY (Vpp, Pin 14)

The ramp capacitor is used to gernerate a time _ This pin is the package positive power supply

period when discharged from a selected voltage via a pin.
precise reference current.
+ NEGATIVE POWER SUPPLY (Vgs, Pin 5)
This pin is system ground.
e« REFERENCE CURRENT (ref. Current, Pin 6)
To discharge the ramp capacitor, the reference
current ‘is fixed via a resistor (Rges) to a positive
supply from pin 6. Typical current is equal to
(VDD-VRef)/RRef.
s COMPARATOR OUTPUT (Comp Out, Pin 7)
This output is low when the capacitor has
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HD14443B,HD14447B

M SWITCHING TIME TEST CIRCUIT (Ta=25C}
1. tete, tPLH, tPHL
? Vi 20ns 20ms
——— e Vo
Ru=10k02 80% \ / 0%
HDI14443B
(Onl.v ) Ramp 50% 50%
FoNe
Ramp Comp 10% 10%
Start Qut Vss
CL=50pF B L200
Ramp
P.G C— Cap 0% Vou
Comp trLy
— Out
{HD14443B1
")
AT 10% Vou
tLn
Ref
O Current 9075 Foo% Vou
— Comp
= Qut 50% 50 %
(HD14447B)
b 10% 10%
Vo,
Lt tr
2, trs
Yoo 20ns,
Ramp
Al Start
Ramp
Chl Cap
Cu=
Ramp Ri=
P.G. —0— Srart 00 50pF
Al — — Ramp
C
A2 o
Ref
Current
3., tum, ta 20ns
2.5V (Voo=5.0V) v,
TV (Vep =10V} Az 0% e
IZV { Foo=15¥)
o 50%
10% ta
= Vss
—O—{ Chl
Ramp 100%
C Vow
P.G. —O— A0 P Ramp T
Cap
CiL=
Al 50pF(tm!
1000pF (ta} 9
[
A2 % Voo
Ch2z—86 —
Ramp
Start
Ref
Current
168 @ HITACHI



HD144438,HD14447B

VOLTAGE TO PULSE CONVERSION

Reference Voltage*( Vr+ Vpo) ( VBO) soum=to

[ Vit Voo eowm = tx
(Ve+ Vao)cowmi=tr
Unknowr Veltage® { Vx+ Vag) g :::i“’":z :;: :g
{ Vi) eount _tx—t
{(VR)cownt  tR— IO

{Vxlc=( VR)CP

Voltage at 0V Input*( Vap} E—lo

Comp Ref* ( Vrc)

0

Time
0 to tx tr

* Voltages measured at pin 4 with ramp start low,

TYPICAL APPLICATIONS CIRCUIT

Voo
AD
Al -
Address Lines 1 15
from the A2
Microprocessor 2 15
Ramp Start ] Channel 1
- 3 14
L Ramp Capacitor o Ch 12
— }______ N R 13 anne.
Rrer 5 E E 17 Channel 3
p . E % Channel 4 Unknown Analog
= 6 11 Voltage Inpuls
Comparator Comp QOut
Output io 7 10 Channel 5
icToprocessur E 8 9 Channel §
W CONVERSION SEQUENCE
Step No. A2 Al AQ Ramp Start Comment
1 1 1 1 0 Channel 7 Selected (Reference Voltage!
2 1 1 1 1 Record time until Pin 7 goes low
3 0 ¢ 0 0 Channel 0 Selected (Ground)
4 0 0 0 1 Record time until Pin 7 goes low
5 0 0 1 0 Channe! 1 Selecied
6 0 0 1 1 Record time until Pin 7 goes low
Calculate teh7-teh@ =tch?’ Step2-Step4
Calculate tchl-tch0=tchl” Step6-Stepd
Calculate Vunknown =Veh 7 (teh17teh?)
7 0 1 0 0 Channel 2 Selected
8 0 1 0 1 Record time until Pin 7 goes low

Caleulate tch2-tch0=1ch2’
Calculate Vunknown=V¥ch7 {tch2%tch?’)

ete.
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Unit: mm

19.20
20.00 Max
16 9
i T e T e s s s B
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:
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£l £ i
=l =
—a < 7 W
0 +0.13
2.54 +0.25 048+0.10 o 0.25-0.05
T 1 TT -
0° —15°
Hitachi Code DP-16
JEDEC Conforms
EIAJ Conforms
Weight (reference value)| 1.07 g




Cautions

1. Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’s patent,
copyright, trademark, or other intellectual property rights for information contained in this document.
Hitachi bears no responsibility for problems that may arise with third party’ s rights, including
intellectual property rights, in connection with use of the information contained in this document.

2. Products and product specifications may be subject to change without notice. Confirm that you have
received the latest product standards or specifications before final design, purchase or use.

3. Hitachi makes every attempt to ensure that its products are of high quality and reliability. However,
contact Hitachi’ s sales office before using the product in an application that demands especially high
quality and reliability or where its failure or malfunction may directly threaten human life or cause risk
of bodily injury, such as aerospace, aeronautics, nuclear power, combustion control, transportation,
traffic, safety equipment or medical equipment for life support.

4. Design your application so that the product is used within the ranges guaranteed by Hitachi particularly
for maximum rating, operating supply voltage range, heat radiation characteristics, installation
conditions and other characteristics. Hitachi bears no responsibility for failure or damage when used
beyond the guaranteed ranges. Even within the guaranteed ranges, consider normally foreseeable
failure rates or failure modes in semiconductor devices and employ systemic measures such as fail-
safes, so that the equipment incorporating Hitachi product does not cause bodily injury, fire or other
consequential damage due to operation of the Hitachi product.

5. Thisproduct is not designed to be radiation resistant.

6. No oneis permitted to reproduce or duplicate, in any form, the whole or part of this document without
written approval from Hitachi.

7. Contact Hitachi’s sales office for any questions regarding this document or Hitachi semiconductor
products.
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