HD145498B,HD145598B

Successive Approximation Register

The HD14549B and the HD14559B successive approximation
registers are 8-bit registers providing all the digital control and
storage necessary for successive approximation analog-to-digital
conversion systems. These parts differ in only one control input.
The Master Reset (MR) on the HDI14549B is required in the
cascaded mode when greater than 8 bits are disired. The Feed For-
ward (FF) of the HD14559B is used for register shortening where
End-of-Conversion (EQC) is required after less than eight cycles.
Applications for the HD14549B and HD14559B include analog-to-
digital conversion, with serial and parallel outputs

Bl FEATURES

¢ Totally Synchronous Operation

All Outputs Buffered

Single Supply Operation

Serial Qutput

Retriggerable

Compatible with a Varjety of Digital and Analog Systems such

as the HA17408P 8-bit D/A Converter

All Control Inputs Positive-Edge Triggered

Supply Voltage Range = 3 to 18V

¢ Capable of Driving One Low-power Schottky TTL Load Over
the Rated Temperature Range

M TRUTH TABLE

B PIN ARRANGEMENT
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Note! * :HD14549B is MR input.
HD145598 is FF input.

®HD14549B ®HD14559B
sC SC -1y MR MRi-1s | Clock Action sC SCoin EOC Clock Aection

® % X X 1 x X % .

x X 1 X I Reset 1 0 0 I | Start Conversien
1 0 0 0 g Start Conversion x 1 0 _l_ Continue Conversion
1 X 0 1 I | Start Conversion 0 0 0 I | Continue Conversian
1 1 0 0 I | Continue Camversion 0 x 1 I~ | Retain Con-
0 X 0 X I vciﬂﬁt;'c‘;fe ri{;f,; 1 X 1 g Start Conversion

% = Don't Care
t-1= State at Previous Clock
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H TIMING DIAGRAM

HD14549B,HD145598
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Inh; Indicates Serial Out is iskibited
& e | low.
#% ; Qs is ninthbit of serial informa-
Q77/-A tion available from 8-bit register.
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B ELECTRICAL CHARACTERISTICS
—40°C 25°C 85°C
Characteristic Symbol N Test Conditions - Unit
Vool V) min | max | min typ | max | min | max
5.0 — | 0.05 — 0| 0.05 —| 0.05
Voc 10 | Vo= Vop or O - | 0.05 0] 0.05 ~—| 0.05 v
Output Voltage 15 — 1 0.05 — 0.05 —| 0.05
5.0 4.95 — 4.95 5.0 — 1 4.9 —
Vou 10 | V=0 or ¥y 9.45 - 9.95 10 — 9.95 - v
15 14.95 — | 14.95 15 — | 14.95 —
5.0 | Veu=4.5 or 0.5V — 1.8 —i 2,25 1.5 —| 1.5
Vio 14 | Vou=%.0 or 1.0V - 3.0 —| 4.50| 3.0 -l 3.0 v
15 | Vou=13.5 0or 1.5V — 4.0 —| 6.75| 4.0 —: 4.0
Input Voltage
5.0 | Veu=10.5 or 4.5V 3.5 — 3.5/ 2.75 — 3.5 -
Vin 10 | Veu=1.0 or 9.0V 7.0 — 7.0/ 5.50 — 7.0 — v
15 | Vou=1.5 or 13.5V 11.0 - 11.0| 8.25 — 11.0 —
5.0 | Vow=2.5V —1.0 — | —0.8 —-1.7 —| —0.5 -
5.0 { Von=4.8V —-0.2 — |—0.16] —0.36 — | =0.12 -
Tou mA
10 | Vox=9.5V —0.5 — | —0.4y —0.9 —| —0.3 —
15 | Voy=13.5V ~1.4 —| —1.2] —=3.% — 1 —1.0 -
Output Lrive 5.0 | Vor=0.4V 1.04 — | 0.88| 1.76 - 0.72 —
Current Q 16 1 Vo, =0.5V 2.6 — 2.2 4.5 - 1.8 —
15 [ Vor=1.5V 7.2 — 6.0/ 17.6 -— 4.8 —
IoL mA
5.0 | Vor=0.4V 0.52 — | 0.44| 0.88 —| 0.36 —
Pin 5,11 10 | Ver=0.5V 1.3 — 1.1 2.25 — 0.9 -
15 | Vor=1.5V 3.6 — 3.0 8.8 - 2.4 e
Input Current Lia 15 — | £0.3 —|40.00001{ +0.3 1.0 uA
Input Capacitance Cin V=0 — — - 5.0/ 7.5 -1 pF
. -~ —| 0. 20 —| 150
5.0 Zero Signal, 20 0.005
Quiescent Current Ino 10 — 4 —| 9.010 40 —i 300 | wA
per Package
15 - BO —| ¢.015 80 -1 600
5.0 | Dynamic +1os, -— — — 0.8 - — -
Jotal Supply Current”® Ir 10 | per Gate — - — 1.6 — - — | uA
15 Cy=50pF, f=1kHz — — — 2.4 _ — .
#® To calculate total supply current at frequency other than 1kHe.
@Yoo—5.0V [r—{0.8 uA/kH2) f+ oo, @Voo~10V Jr= (L6 pA/kHzi f+ 100, @Veo=15V [r={2.4pA/kHz)f+ o0
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HD14549B,HD14559B

MW SWITCHING CHARACTERISTICS (C.=50pF, Ta=25C)

Characteristic Symbol Voo(V) min typ max Unit
5.0 — 180 400
Output Rise Time t 10 — 90 200 ns
15 - 65 160
5.0 — 120 259
Cutput Fall Time 1y 14 - 60 125 ns
15 — 40 160
5.0 — 5¢0 1200
Clock to Q 10 — 210 500
- 15 — 155 38¢
; 5.0 - 750 1800
Propagation Delay Time Clock to Sout t”"’ 10 — 310 750 us
o 15 — 220 550
5.0 — 300 750
Clock to EOC 10 — 130 325
15 - 10¢ 250
5.0 300 125 —
SC, D, FF, MR Setup Time Luetes 10 150 50 — ns
15 115 40 —
5.0 600 350 —
Clock Pulse Width PWe 10 300 135 —_ ns
15 225 100 —
5.0 750 250 —
D, SC, FF, MR Pulse Width PW 10 300 100 — ns
15 225 80 -
5.0 — — 15
Clock Pulse Rise and Fall Time te, i 10 — — 5.0 us
15 — — 4.0
5.0 - 1.5 0.8
Cleck Frequency PRF 10 — .0 1.5 MHz
15 — 4.0 2.0
H SWITCHING TIME TEST CIRCUIT
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M OPERATING CHARACTERISTICS

Both the HDI14549B and HD14559B can be
operated in either the “free run” or ‘“strobed
operation” mode for conversion schemes with any
number of bits. Reliable cascading andfor re-
circulating operation can be achieved if the End of
Convert (EQC) output is used as the controlling
function, since with EOC = 0 (and with SC = 1 for
HD14549B but either 1 or 0 for HD14559B) no
stable state exists under continual clocked opera-
tion, The HD14559B will automatically recirculate
after EQOC = 1 during externally strobed operation,
provided SC = 1. All data and control inputs for
these devices are triggered into the circuit on the
positive edge of the clock pulse. Operation of the
various terminals is as follows:
o C = Clock ... A Positive-going transition of the
Clock is required for data on any input to be
strobed into the circuit.
e SC = Start Convert ... A conversion sequence is
initiated on the positive-going transition of the SC
input on succeeding clock cycles.
s D = Data In ... Data on this input (usually from a
comparator in A/D applications) is also entfered into
the circuit on a positive-going transition of the
clock. This input is Schmitt triggered and synchro-
nized to allow fast response and guaranteed quality
of serial and parallel data.
¢« MR = Master Reset (HD14549B only) ... Resets
all output to 0 on positive-going transitions of the
clock, if removed while SC = 0, the circuit will
remain reset until SC = 1. This allow easy cascading
of circuits,
e FF = Feed Forward (HD14559B only) ... Pro-
vides register shortening by removing unwanted bits
from a system. For operation with less than 8 bits,
tie the output following the least significant bit of
the circuits to EQC. E. G., for a 6-bit conversion,

®12-bit Conversion Scheme

HD145498, HD14559B

tie Q1 to FF; the part will respond as shown in the
timing diagram less two bit times. Not that Q1 and
Q0 will still operate and must be disregarded. For
8-bit operation, FF is tied to Vgy. For applications
with more than 8 but less than 16 bits, use the basic
connections shown in Figure 1. The FF input of
the HD14559B is used to shorten the setup. Tying
FF directly to the least significant bit used in the
HD145598 allows EOC to provide the cascading
signal, and results in smooth transition of serial in-
formation from the HD14559B to the HD14549B.
The Serial Qut (Sout) inhibit structure of the
HD14559B remains inactive one cycle after EOC
goes high, while Sout of the HD14549B remains
inhibited until the second clock cycle of its opera-
tion,

e Qn = Data Outpuis ... After a conversion is
initiated the Q’s on succeeding cycles go high and
are then conditionally reset dependent upon the
state of the D input. Once conditionally reset they
remain in the proper state until the circuit is either
reset or reinitiated.

¢ EOC = End of Convert ... This output goes high
on the negative-going transition of the clock follow-
ing FF = 1 (for the HD14559B) or the conditional
reset of Q0. This allows settling of the digital cir-
cuitry prior to the End of Conversion indication.
Therefore either level or edge triggering can indicate
complete conversion. .

e Sout = Serial Out .., Transmits conversion in
serial fashion, Serial data occurs during the clock
period when the corresponding parallel data bit is
conditionally reset, Serial OQut is inhibited on the
initial period of a cycle, when the circuit is reset,
and on the second cycle after EQC goes high.
This provides efficient operation when cascaded.

Data Clock 4HD140018
0 [}
l Serial Out
1 Continual update )
D S, ___! \— o 5 every 13 clock eycles
c ot c Sour
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S~ L3R Completion af
To DFA and Parallel Daza = mpieticn al converston
MSB To 1)/4 ard Parallel Data i aulomatically re-initiates
cycle in free run mode.

* FF allows EOC to activate
as if in 4-stage register.
4%k Cascading using EOC guar-
anteed;no stable unfunctional
state.
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Unit: mm
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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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