Inhibit Logic

The Inhibit Logic Section samples
the OE and SEL signals on the
falling edge of the clock and, in
response to certain conditions
(see Figure 10 below), inhibits
the position data latch. The RST
signal asynchronously clears the
inhibit logic, enabling the latch. A
simplified logic diagram of the
inhibit circuitry is illustrated in
Figure 11.

Bus Interface

The bus interface section consists
of a 16 to 8 line multiplexer and
an 8-bit, three-state cutput
buffer. The multiplexer allows
independent access to the low
and high bytes of the position
data latch. The SEL and OE
signals determine which byte is

output and whether or not the
output bus is in the high-Z state.
In the case of the HCTL-2000 the
data latch is only 12 bits wide
and the upper four bits of the
high byte are internally set to
zero.

Quadrature Decoder
Output (HCTL-2020
Only)

The quadrature decoder output
section consists of count and up/
down outputs derived from the
4X decode logic of the HCTL-
2020. When the decoder has
detected a count, a pulse, one-
half clock cycle long, will be
output on the CNTpcpg pin. This
output will occur during the clock
cycle in which the internal
counter is updated. The U/D pin

_ Inhibit
Step| SEL | OE|CLK || Signal Action
1 L L| 1 1 Set inhibit; read high byte
2 H L1 1 Read low byte; starts reset
3 X Hi 1 0 Completes inhibit logic reset

Figure 10. Two Byte Read Sequence.

p. D

1

ckbL 1

.

Figure 11. Simplified Inhibit Logic.

Dossier documentation constructeur

10

will be set to the proper voltage
level one clock cycle before the
rising edge of the CNTpcpr
pulse, and held one clock cycle
after the rising edge of the
CNTpcpr pulse. These outputs
are not affected by the inhibit
logic. See Figures 5 and 12 for
detailed timing.

Cascade Output (JICTL-
2020 Only)

The cascade output also consists
of count and up/down outputs.
When the HCTL-2020 internal
counter overflows or underflows,
a pulse, one-half clock cycle long,
will be output on the CNT¢ag pin.
This output will occur during the
clock cycle in which the internal
counter is updated. The U/D pin
will be set to the proper voltage
level one clock cycle before the
rising edge of the CNTcas pulse,
and held one clock cycle after the
rising edge of the CNTcas pulse.
These outputs are not affected by
the inhibit logic. See Figures 5
and 12 for detailed timing.

INTERNAL INHIBIT SIGNAL
SEmmmmn
e TO POSITION DATA LATCH
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AD7545

12-Bit, Buffered, Multiplying CMOS DAC

Features

* Low Power

* Low Cost

» 12-Bit Resolution

 Low Gain T.C. 2ppm/°C (Typ)

* Fast TTL/CMOS Compatible Data Latches
* Single +5V to +15V Supply

» /883 Processed Versions Available

Ordering Information

Description

The AD7545 is a low cost monolithic 12-bit, CMOS
multiplying DAC with on-board data latches. Data is loaded
in a single 12-bit wide word which allows interfacing directly
to most 12-bit and 16-bit bus systems. Loading of the input
latches is under the control of the CS and WR inputs. A logic
low on these control inputs makes the input latches transpar-
ent allowing direct unbuffered operation of the DAC.

TEMP. PKG.
PART NUMBER | RANGE (°C) PACKAGE NO.
AD7545IN 0to70 20 Ld PDIP E20.3
AD7545KN 0t070 20 Ld PDIP E20.3
AD7545AN -40to85 |20LdPDIP E20.3
AD7545BN -40to85 |20LdPDIP E20.3
Pinout Functional Diagram
AD7545 Rep
(PDIP)
TOP VIEW 20
AD7545
—\ s R
out1 [1] 20] Rep prye= ) ourt
AGND [7] 19 Veer Veer (19—  muLTPLYING DAC
DGND E E Vop 2) AGND
DB11 (MSB) E 7] Wit ﬁ
0810 [5] 1§ €5 wr (4 18) Vpp
DB3 [6] 15 DBO (LSB) INPUT DATA LATCHES
Cs (16 3) DGND
D88 [7] 14 D81
DB7 [ E DB2 ﬁ
D86 9] 12 pB3 )
DB5 |:g I11] DB4 DB11- DBO
(PINS 4- 15)

CAUTION: These devices are sensitive to electrostatic discharge; follow proper IC Handling Procedures.
http:/fwww.intersil.com or 407-727-9207 | Copyright © Intersit Corporation 1999
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Absolute Maximum Ratings

Supply Voltage (Vpp to DGND) . . ..
Digital Input Voltage to DGND
VRFB. VREF to DGND
VP|N1 to DGND
AGNDtoDGND ................

Operating Conditions

Temperature Ranges
Commercial (J, K, Grades) ... ...
Industrial (A, B, Grades) ........
Extended (S Grades)

............... -0.3V, +17V
........... -0.3V, Vpp +0.3v
.................... 125V
........... -0.3V, Vpp +0.3V
........... -0.3V, Vpp +0.3V

Thermal Information

Thermal Resistance (Typical, Note 1)

PDIPPackage ...........cooinninuinnnnnn..
Maximum Junction Temperature (PDIP Package)
Maximum Storage Temperature Range

04 (°Cw)
125
....150°C

.......... -65°C to 150°C
Maximum Lead Temperature (Soldering 10s). ... ... ..

300°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage lo the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:

1. 8,4 is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications T, = See Note 2, VRgr = +10V, VoyT1 = 0V, AGND = DGND, Unless Otherwise Specified

Vpp = +5V Vpp = +15V
PARAMETER TEST CONDITIONS min | Tve | max | min | TvP | max | units
STATIC PERFORMANCE
Resolution 12 12 Bits
Relative Accuracy J.A, S - - 12 - - 12 LSB
K.B - - 11 - - 11 LSB
Differential Nonlinearity J, A, S | 10-8it Monotonic Tpyn to Tpmax - - 14 - - 14 LSB
K, B | 12-Bit Monotonic Ty to Tpax - - 11 - - 1 LSB
Gain Error J, A, S | DAC Register Loaded with - - 120 - - 125 Ls8
(Using Internal RFB) 1111 1111 1111
K, B | Gain Error ts Adjustable - - 110 - - +15 LSB
Using the Circuits of
Figures 4 and 5 (Note 3)
Gain Temperature Coefficient Typical Value is 2ppm/°C for - - 15 - - +10 ppm/°C
AGain/ATemperature Vpp = +5V (Note 4)
DC Supply Rejection AVpp = 5% 0.015 - 0.03 0.01 - 0.02 %
AGain/AVpp
Output Leakage Current J.K | DBO-DB11 =0V, WR, - - 50 - - 50 nA
at OUT1 A B |CS=0V(Note2) - " 50 " " 50 =
s - - 200 - - 200 nA
DYNAMIC CHKARACTERISTICS
Current Setting Time To 1/, LSB, OUT1 LOAD = 100Q - - 2 - - 2 us
DAC Output Measured from
Falling Edge of WR, CS =0V
(Note 4)
Propagation Delay from Digital input | OUT1 LOAD = 100Q, - - 300 - - 250 ns
Change to 90% of Final Analog CexT = 13pF (Notes 4 and 5)
Output
Digitat to Analog Glitch Imputse VReg = AGND - 400 - - 250 - nV/s
AC Feedthrough at OUT1 VREF =110V, 10kHz Sinewave - 5 - - 5 - mVp_p
(Note 6)
ANALOG OUTPUTS
Output Capacitance
CouTt DBO-DB11=0V, - - 70 - - 70 pF
WR, TS =0V (Note 4)
Couti EEO -DB11=Vpp. - - 200 - - 200 pF
WR, CS = 0V (Note 4)
10-11
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Electrical Specifications T, =See Note 2, VRgg = +10V, VoyT+1 = 0V, AGND = DGND, Unless Otherwise Specified {Continued)

Vpp = +5V Vpp = #15V
PARAMETER TEST CONDITIONS min | Tve | max | min | tve | max | unirs
REFERENCE INPUT
Input Resistance (Pin 19 to GND) {Input Resistance 7 - - 7 - - kQ
TC = -300ppm/°C (Typ)
Typical input Resistance = 11k - - 25 - - 25 kQ
DIGITAL INPUTS
input High Voltage, V|1 24 - - - - 135 A
Input Low Voltage, V)i - - 0.8 - - 1.5 \
Input Current, iy VN = 0 or Vpp (Note 7) 11 - 10 1 - 110 [ pA (Max)
Input Capacitance
DBO - DB11 Vin = 0 (Note 4) - - 7 - - 7 pF
WR,CS Vin = 0 (Note 4) - - 20 - - 20 pF
SWITCHING CHARACTERISTICS (Note 4)
Chip Select to Write Setup Time, tcg| See Figure 1 380 200 - 200 120 - ns
Chip Select to Write Hold Time, tcy| See Figure 1 0 - - 0 - - ns
Write Pulse Width, tywgr tcs 2 wr. ton 2 0, See Figure 1 400 175 - 240 100 ns
Data Setup Time, tpg See Figure 1 210 100 - 120 60 - ns
Data Hold Time, tpy See Figure 1 10 - - 10 - - ns
POWER SUPPLY CHARACTERISTICS
loo All Digital Inputs V) or Viy - - 2 - - 2 mA
Alt Digital Inputs 0V or Vpp - 100 500 - 100 500 A
All Digital Inputs 0V or Vpp - 10 - - 10 - HA
NOTES:
2. Temperature Ranges as follows: J, K versions:  0°C to 70°C
A, B versions: -20°C to 85°C
S version: -55°C to 125°C
Ta = 25°C for TYP Specifications. MIN and MAX are measured over the specified operating range.
3. This includes the effect of Sppm maximum gain TC.
4. Parameter not tested. Parameter guaranteed by design, simulation, or characterization.
5. DBO - DB11 = 0V to Vpp or Vpp to OV in plastic and sidebraze package.
6. Feedthrough can be further reduced by connecting the metal lid on the ceramic package to DGND.
7. Logic inputs are MOS gates. Typical input current (25°C) is less than 1nA.
8. Typical values are not guaranteed but reflect mean performance specification.
Specifications subject to change without notice.
Timing Diagrams
tch tcH
CHIP | tes — o] l,‘ Vop THIP —*; tes — o F— Voo
SELECT \ SELECT
0 0
ton o oy 0
tps — o v tos ] l Vo
DATA IN 0D DATA IN D
{DBO - DB11) ) DATA VALID ° (D80 - DB11) £ patavauo X 0
FIGURE 1A. TYPICAL WRITE CYCLE FIGURE 1B. PREFERRED WRITE CYCLE
FIGURE 1. WRITE CYCLE TIMING DIAGRAM
10-12
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MODE SELECTION

HOLD MODE:

Either CS or WR high, data bus
(DBO - DB11) is locked out; DAC
holds last data present when
WR or CS assumed high state.

WRITE MODE:

CS and WR low, DAC responds
to data bus (DBO - DB11) inputs

NOTES:
9. Vpp = +5V; t. = ty= 20ns
10. Vpp = +15V; t, = t; = 40ns
11. Al input signal rise and fall times measured from 10% to 90% of
Vpp-
12. Timing measurement reference levet is (Vi + V)2

13. Since input data latches are transparent for CS and WR both
low, it is preferred to have data valid before TS and WR both go
low. This prevents undesirable changes at the analog output
while the data inputs settle.

Circuit Information - D/A Converter Section

Figure 2 shows a simplified circuit of the D/A converter
section of the AD7545. Note that the ladder termination
resistor is connected to AGND. R is typically 11kQ.

The binary weighted currents are switched between the OUT1
bus line and AGND by N-Channel switches, thus maintaining a
constant current in each ladder leg independent of the switch
state. One of the current switches is shown in Figure 3.

VREF R R R R

1 1 1 ' 19 I—‘VW'O Rep
ABABATNH A gy
1 ] i ) ]
] ) T ‘22 L T -0 AGND
L] L] t [} 1]
DB11 DB10 DB9 DB1 DBO
(MsSB) (LSB)

FIGURE 2. SIMPLIFIED D/A CIRCUIT OF AD7545

TO LADDER

FROM ©
INTERFACE

LoGic °—‘l

AGND  OUT1
FIGURE 3. N-CHANNEL CURRENT STEERING SWITCH
The capacitance at the OUT1 bus line, Coyrq, is code

dependent and varies from 70pF (all switches to AGND) to
200pF (all switches to OUT1).

The input resistance at VRer (Figure 2) is always equal to
R pR (RLDR is the R/2R tadder characteristic resistance and is

equal to the value “R"). Since Ry at the VRgr pin is constant,
the reference terminal can be driven by a reference voltage or a
reference current, AC or DC, of positive or negative polarity, (If a
current source is used, a low temperature coefficient external
Reg is recommended to define scale factor).

Circuit Information - Digital Section

Figure 4 shows the digital structure for one bit. The digital
signals CONTROL and CONTROL are generated from CS
and WR.

TO AGND SWITCH

r» TO OUT1 SWITCH

INPUTS BUFFERS
\.——V—-——J

CONTROL

CONTROL
FIGURE 4. DIGITAL INPUT STRUCTURE

The input buffers are simple CMOS inverters designed such
that when the AD7545 is operated with Vpp = 5V, the buffers
convert TTL input levels (2.4V and 0.8V) into CMOS logic
levels. When V) is in the region of 2.0V to 3.5V the input
buffers operate in their linear region and draw current from
the power supply. To minimize power supply currents it is
recommended that the digital input voltages be as close to
the supply rails (Vpp and DGND) as is practically possible.

The AD7545 may be operated with any supply voltage in the
range 5V < Vpp £ 15V. With Vpp = +15V the input logic
levels are CMOS compatible only, i.e., 1.5V and 13.5V.

Application
Output Offset

CMOS current-steering D/A converters exhibit a code
dependent output resistance which in turn causes a code
dependent amplifier noise gain. The effect is a code depen-
dent differential nonlinearity term at the amplifier output
which depends on Vpog where Vgg is the amplifier input
offset voltage. To maintain monotonic operation it is recom-
mended that Vg be no greater than (25 x 10°5) (VREF) over
the temperature range of operation.

General Ground Management

AC or transient voltages between AGND and DGND can
cause noise injection into the analog output. The simplest
method of ensuring that voltages at AGND and DGND are
equal is to tie AGND and DGND together at the AD7545. In
more complex systems where the AGND and DGND con-
nection is on the backplane, it is recommended that two
diodes be connected in inverse parallel between the AD7545
AGND and DGND pins (1N314 or equivalent).

Digital Glitches

When WR and TS are both low the latched are transparent
and the D/A converter inputs foliow the data inputs. In some

10-13
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bus systems, data on the data bus is not always valid for the
whole period during which WR is low and as a result invalid
data can briefly occur at the D/A converter inputs during a
write cycle. Such invalid data can cause unwanted glitches
at the output of the D/A converter. The solution to this prob-
lem, if it occurs, is to retime the write pulse (WR) so that it
only occurs when data is valid.

Another cause of digital glitches is capacitive coupling from
the digital lines to the OUT1 and AGND terminais. This
should be minimized by isolating the analog pins of the
AD7545 (pins 1, 2, 19, 20) from the digital pins by a ground
track run between pins 2 and 3 and between pins 18 and 19
of the AD7545. Note how the analog pins are at one end of
the package and separated from the digital pins by Vpp and
DGND to aid isolation at the board level. On-chip capacitive
coupling can also give rise to crosstalk from the digital to
analog sections of the AD7545, particularly in circuits with
high currents and fast rise and fall times. This type of
crosstalk is minimized by using Vpp = +5V. However, great
care should be taken to ensure that the +5V used to power
the AD7545 is free from digitally induces noise.

Temperature Coefficients

The gain temperature coefficient of the AD7545 has a maxi-
mum value of 5ppm/°C and a typical value of 2ppm/°C. This
corresponds to worst case gain shifts of 2 LSBs and
0.8 LSBs respectively over a 100°C temperature range.
When trim resistors R1 and R2 are used to adjust full scale
range, the temperature coefficient of R1 and R2 should also
be taken into account.

Basic Applications

Figures 5 and 6 show simple unipolar and bipolar circuits
using the AD7545. Resistor R1 is used to trim for full scale.
Capacitor C1 provides phase compensation and helps pre-
vent overshoot and ringing when using high speed op amps.
Note that the circuits of Figures 5 and 6 have constant input
impedance at the VRer terminal.

The circuit of Figure 4 can either be used as a fixed reference
D/A converter so that it provides an analog output voltage in
the range OV to -V (note the inversion introduced by the op
amp) or Vjy can be an AC signal in which case the circuit
behaves as an attenuator (2-Quadrant Multiplier). Vi can be
any voltage in the range -20V < Vy < +20V (provided the op
amp can handle such voltages) since VRger is permitted to
exceed Vpp. Table 2 shows the code relationship for the
circuit of Figure 4.

Figure 5 and Table 3 illustrate the recommended circuit and
code relationship for bipolar operation. The D/A function itself
uses offset binary code and inverter U4 on the MSB line con-
verts 2's complement input code to offset binary code. If appro-
priate, inversion of the MSB may be done in software using an
exclusive -OR instruction and the inverter omitted. R3, R4 and
R5 must be selected to match within 0.01% and they should be
the same type of resistor {preferably wire-wound or metal foil),
so that their temperature coefficients match. Mismatch of R3
value to R4 causes both offset and full scale efror. Mismatch of
R5 to R4 and R3 causes full scale error,

The choice of the operational amplifiers in Figure 4 and Figure
5 depends on the application and the trade off between
required precision and speed. Below is a list of operational
ampilifiers which are good candidates for many applications.
The main selection criteria for these operational amplifiers is to
have low Vpg, low Vg drift, low bias current and low settiing
time.

These amplifiers need to maintain the low nonlinearity and
monotonic operation of the D/A while providing enough
speed for maximum converter performance.

Operational Amplifiers

HA5127
HA5137
HA5147
HA5170

Ultra Low Noise, Precision

Ultra Low Noise, Precision, Wide Band
Ultra Low Noise, Precision, High Slew Rate
Precision, JFET Input

TABLE 1. RECOMMENDED TRIM RESISTOR VALUES vs
GRADES FOR Vpp = 45V

TRIM RESISTOR J,A, S KB
R1 500Q 2000
R2 150Q 68Q

TABLE 2. UNIPOLAR BINARY CODE TABLE FOR CIRCUIT OF

FIGURE §
BINARY NUMBER IN DAC
REGISTER ANALOG OUTPUT
4095
1111 1111 1111 _v.. J40!
Viny 2096
2048| _ 1
1000 0000 0000 _y, J2048] _ 1
VIN) 2096 3VIN
1
0000 0000 0001 Vin Eg—;}
0000 0000 ooo0 | ov

TABLE 3. 2'S COMPLEMENT CODE TABLE FOR CIRCUIT OF

FIGURE §
DATA INPUT ANALOG OUTPUT
2047
0111 1111 1111 *Vin * {5048
1
0000 0000 0001 *VN* 15048 |
0000 0000 0000 ov
1111 111 1111 SRV i
IN " ]2048
2048
1000 0000 0000 ViN° { 5048

10-14
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R2 (NOTE)

Voo
- AAA r.
yyYy
L
18)—(20 33pF

Voo Rea  OUTH
| - Vour

(19 Vrer  AD7S45  AGND

DGND

DB11 - DBO
NOTE: REFER TO TABLE 1 (PINS 4 - 15}

FIGURE 5. UNIPOLAR BINARY OPERATION

Vop R2 (NOTE) % R4

AA

S A AL <
L e

18)—{20 33pF

S AAA———
I Voo Rrs  OUT1 R3 RS
ViN | 1 10K 20K
o— AN AD7545 Al A

VWA—(19) Vrer AGND -
v
___ R1(NOTE} 2 / RE A2 —o Yout
WR 17) DB pp40.DBO 5K +
16H(4 3 )
DGND Y\
cs nl = analoc
Uy COMMON
(SEE TEXT) 12

NOTE: FOR VALUES OF R1 AND R2
SEE TABLE 1
DATA INPUT

FIGURE 6. BIPOLAR OPERATION (2'S COMPLEMENT CODE)
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MC6850

ASYNCHRONOUS COMMUNICATIONS
INTERFACE ADAPTER (ACIA)

The MC6850 Asynchronous Communications Interface Adapter provides the data formatting and
control to interface serial asynchronous data communications information to bus organized systems
such as the MC6800 Microprocessing Unit.

The bus interface of the MC6850 includes select, enable, read/write, interrupt and bus interface
logic to allow data transfer over an 8-bit-bidirectional data bus. The parallel data of the bus system
is serially transmitted and received by the asynchronous data interface, with proper formatting and
error checking. The functional configuration of the ACIA is programmed via the data bus during
system initialization. A programmable Control Register provides variable word lengths, clock divi-
sion ratios, transmit control, receive controt, and interrupt control. For peripheral or modem opera-
tion, three control lines are provided. These lines allow the ACIA to interface directly with the
MC6860L 0-600 bps digital modem,

® 8- and 9-Bit Transmission

® Optional Even and Odd Parity

® Parity, Overrun and Framing Error Checking
® Programmable Control Register

® Optionat =1, +16, and +64 Clock Modes

¢ Up to 1.0 Mbps Transmission
® False Start Bit Deletion
#® Pearipheral/Modem Control Functions
¢ Double Buffered
¢ One- or Two-Stop Bit Operation
MC6850 ASYNCHRONOUS COMMUNICATIONS INTERFACE ADAPTER
- - BLOCK DIAGRAM
Data - i
=] Bu - ransmitter ransmi
ats :q——y‘ Bua:::n Tean 4_"' b Deta
= a . R v
oo |e—Foive
Soar [seecton
and and
Interrupt Control Peripheral/
b e | [ ——————3 Modem
Contol
MOTOROLA MICROPROCESSOR DATA
31798
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MAXIMUM RATINGS :
Charsoteristica . Symbol Vaive Unit This device contains circuitry to protect the

Supply Voitage : . - Vee |-03w0+70] v inputs against damage due to high static
Input Votiage S . Vin ~03t10+70[ V voltages or aloctn'lc fields; however, it is ad-
> . vised that normal pracautions be taken to
T Re Tyt T A e .
Om ;nmnmcgaso - Ta OLto 70H °c avoid spplication of any voltage higher than
MOBEE0C, MCBBASOC —40 10 +86 maximum rated voltsges to this high-
- - - - — impedance circuit. Reliability of oparation is
Storege Temperature Range Tsig |-%to+10] °C enhanced if unused inputs sre tied to an ap-
. ' ) ) propriats logic voliage level {e.g., enher vss
THERMAL CHARACTERISTICS | . orveel
. Characteristic ~ Symbol Value Unit
Thermal Resistance CETY ' °CW
Plastic . 120
Cerdip . s 65

POWER CONSIDERATIONS

The average chip-junctign temperature, T ], in °C can be obtained from:
Ty=Ta+(Pp*oyal m

Where:
~ TAwm Ambient Temperaturs, °C 3
@ )A = Package Thermal Resistance, Junction-to-Ambient, °C/W
PO=PINT+PPORT
PINT®ICC X VCC, Watts — Chip Internal Power
PpoRT = Port Power Dissipation, Watts — User Determined

For most applications PPORT< PINT 8nd can be neglected. PPORT may become significant if the device is configured to
drive Darlington bases or sink LED loads.
An approximate relationship betwsen Pp and T (if PPORT is neglected) is:

Pp=K+(Tj+273°C) 2)
Solving equations (1) and (2} for K gives:
K= Ppe(TA+ 273°C) + 8 JA*PD2 (3)

Where K is a8 constant pertaining to the particuler part. K can be determined from equation- (3) by measuring Pp (at
equilibrium) for a known Ta. Using this value of K, the values of Pp and T can be obtained by soiving equations (1) and (2)
iteratively for any value of Ta.

DC ELECTRICAL CHARACTERISTICS (Voe=5.0 Vdc £6%, V§S=0, TA=TL to TH unless otherwise noted.)

Characteristic Symbol Min Ty Max Unht
Input High Voltage ViH Vg5+2.0 - vce v
input Low Voltage viL Vgg-03|] — | Vss+0B}] V
[ kege Current R/W., CSO, CS1, TS2, Enable
"'{3;3?32;5 ) RS, AxD, RxC, CTS, BEB | - Yin - e 28 s
Hi ff State) Input Current DO0-D7
(f/,',?.o 4t ,z:pvn 'Tsi - >0 *© »
Output High Voltage
ti cad™ —206 pA, Enable Pulse Width <25 sl 00D? | vou |vss+24| - - v
U oad ™ — 100 zA, Enable Pulse Width < 25 xs} TxDete, RTS Ves+24 | - -
utput Low Voitage (i oad= 1.6 mA, Enable Puise Width< 25 gs) VoL - - [ Vsgs+04 ]| V
Output Leskage Current {Off State) (Vg = 2.4 V) T3 won - 1.0 10 A
internal Power Dissipation (Measured st TA=0°C) PINT - 300 526° mwW
Internal Input Capacitence . -
{Vin=0, TA-ZG'C f=1.0 MHz) D007 | Cin - 10 125 pF
€, Tx CLK, Ax CLK, R/W, RS, Ax Dsta, CS0, CS1, T2, TTS, BTD - 7.0 7.5
Output Cepacitance RTS, Tx Deta ¢ - - 10 of
{Vin=0, TA=25°C, f=1.0 MHz) TWaj o - - 5.0

* For tamperatures lass than TA =0°C, PyNT maximum will incresse.

|
MOTOROLA MICROPROCESSOR DATA
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SERIAL DATA TIMING CHARACTERISTICS

‘MC6850

. MOS0 MOBBAS0 | MCBBBS0
Charscterietic Symbol I tin | Max | Min | Mex [ Mie T ] U™
Data Clock Pilse Width, Low + 18, + B4 Modes pwe 00| - te0| - (20| | |
(Ses Figwe 1) +1Mode g0 - |s0) - (s0}) -
Data Clock Putse Width, High + 16, + 684 Modes PW. 600 | - l40] - |[200 -
(See Figure 21 + 1 Mode CHloo| - |eso| — [s00| - | ™
Dats Clock Frequancy +18, «64 Modes | ~ ic - (o8] - 10| -] 15 |MHz
- 1 Mode - 600 | — 750 — 11000} kHz
Data Clock-to-Data Delay for Trensmitter (See Figure 3) oD | — [600 |- [ 640 | — [ 460 ns-
Receive Dats Setup Time {See Figure 4} +1Mode | tRps | 260 | - [100 ] — 0 - ns
Receive Deta Hoid Time { See Figure 6} ~1Mode | tgRpH | 260 | — 100 | — 0 - ns
Interrupt Request Retease Time (See Figure 6) R — {12 ] —-—109)—-107] s
Request-to-Send Delay Time {See Figure 8) RTS - | 560 | — | 480 — [ 400 | ns
input Rise and Fell Times [or 10% of the puise width if smalier) te, tf - 1.0 | — 0.5 - {025] ps

FIGURE 1 — CLOCK PULSE WIDTH, LOW-STATE

e PWC L — 3

Tx Clk
or
Rx Cik

FIGURE 3 — TRANSMIT DATA OUTPUT DELAY

Tu Cik

oo ,‘——

Tx Date

AGURE B — RECEIVE DATA HOLD TIME
{1 Mode)

"":L_{Ir_—\,
&— tROH

Rx Data

FIGURE 2 — CLOCK PULSE WIDTH, HIGH-STATE

N/ \__

It PWe 4y —— 3

FIGURE 4 — RECEIVE DATA SETUP TIME

I*I'Modol
Rx Data x
——H

Rx Clock

‘rRDS

FIGURE 8§ — REQUEST-TO-SEND DELAY AND
INTERRUPT-REQUEST RELEASE TIMES

Ensble

—» - tnvs

Y

Note: Timing meesurements are refersnced 10 end from s low voitage of 0.8 volts end s high voitege of 2.0 voits, uniess otharwise noted.

e ——— TS

MOTOROLA MICROPROCESSOR DATA
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BUS TIMING CHARACTERISTICS (See Notes 1 snd 2 and Figure 7)

Taent. MCoes0 | mceraso | mcesneo
Nurmber aracterietie Symbol e e | Wi [Max | Min | Max] U™
1 Cycle Time teye |10) 10 Jos7] w0 [os5] w0 | s
2 Pulse Width, E Low PWEgL | 430 | 96500 280 |9600 | 210 | 9600 ns
3 Pulse Width, E High PWgy | 450 | 9500 | 280 19600 | 220 | 96500| ns
4 Clock Rise and Fall Time . 4 - 25 - . - 20| ns
9 Address Hold Time tAH 10 - 10 - 10 - ns
13 Address Setup Time Befors E tAS 80 - 80 - 40 - ns
14 Chip Select Setup Time Before E tcs 0| - [0 -Tat -1 ns
16 Chip Select Hoild Time CH 10 - 10 - 10 - ns
18 Resd Data Hold Time DHR 2 50°| 20 60°] 20 80°{ ns
Fil Write Dats Hold Time tDHW 10 - 10 - 10 - ns
0 Output Data Delay Time DDA - | 20| - |80} -1 10| ns
31 input Dats Setup Time ipsw || -~ 80 - 60 - ns
*The data bus output buffers are no longer seurcing or sinking current by tpHRmax {High impedance).
FIGURE 7 — BUS TIMING CHARACTERISTICS
® 3
; ) N
S 3
'l
—3 (8) O,
R/W, Address XX
{Non-Muxed} EAXAXAX) ava¥ K&K
' (© e
o ®
& N
(8) ﬂ——@-——» <«»{-(18)
Read Date MPU Read Data Non-Muxed
Non-Muxed
‘ e <——@——
Write Data = 9 MPU Write Data Non-Muxed -
Muxed f“
1. Voltage levels shown sre Vi <0.4 V, V42 2.4 V, unless otherwiss specified. @ >
2. Measuremant points shown are 0.8 V and 2.0 V, unless otherwise specified.
RAGURE 8 — BUS TIMING TEST LOADS
toad A _load8
{DO-D7, RTS, Tx Data) {IRQ Only)
S50v . 50V
RL=256k0 3kQ
e Test Ppint MM_D‘”_SO Test Point
or Equiv.
[+ L] 100 pF
MMD 7000
or Equiv. :[
-c- 130 of loviO-D? R = 11.7 kR for DO-O7
= 30 pF for RTS and Tx Dats = 24 k§Q for RYS and Tx Deta
MOTOROLA MICROPROCESSOR DATA
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FIGURE § — EXPANDED BLOCK DIAGRAM

Transmit Clock 4 Clock P‘f‘iv )
Enable 14 _._j Gen mﬁGan
Read/Write 13 - Chip
Chip Select 0 8 —3I» Select Transmit Transmit ’ i i .
Chip Select 1 10 —3»4 ond Data :> Shift f————eee———33»> 6 Transmit Dats
Chip Select2 9 —QO Read/Write Register Register”
fegister Select 11 —3f Contral }
VYunsmit
/ Contral O—T————- 24 Clear-to-Send
0o 22 ‘ Status +
0121 -ty Registar
. ' )
D2 20 P "ll.:;;::" 7 tnterrupt Request
03 19 w31 Deta ? _
04 18 <> BB;‘“’ 23 Data Carrier Detect
A
DS 17 P . I .
06 16 <€ o— - 5 Rsquest-to-Send
D7 15 <= Control &g
Reginter
Recsive Parity
Control Check
* 4
Voo =Pin 12 Rueceive Receive .
. Dats C: _Shift - 2 Recsive Dsta
VSS" Pin 1 Register Register
Clock Qvﬁc
Racsive Clock 3 = p{ Oen Logle
DEVICE OPERATION a number of options such as variable clock divider ratios,

At the bus interface, tha ACIA appears as two addressable
memory locations. Internally, there are four registers: two
read-only and two write-only registers. The read-only
ragisters are Status and Receive Data; the write-only
registers are Control and Transmit Data. The serial interface
consists of serial input and output lines with independsnt
clocks, and three peripheral/modem control lines.

MASTER RESET

The master reset {CRO, CR1) must be set immediately after
power-up to insure the reset condition and prepare for pro-
gramming the ACIA functional configuration when the com-
munications_channel_is required. During the first master
reset, the 1RO and ATS outputs are held at level 1. On al
other master resets, the RTS output can be programmed
high or low with the IRQ output held high. Control bits CR6
and CR6 should also be programmed to define the state of
RTS whenever master reset is utifized. After master resetting
the ACIA, the programmable Control Register can be set for

variable word length, one or two stop bits, and parity (even,
odd, or none).

TRANSMIT

A typical transmitting sequence consists of redding the
ACIA Status Register either as a result of an interrupt or in
the ACIA’s turn in a polling sequence. A character may be
written into the Transmit Data Register if the status read
operation has indicated that the Transmit Data Register is
emp1y. This character is transferred to a Shifi Register where
itis serialized and transmitted from the Transmi Data output
preceded by a start bit and followed by one or two stop bits.
Internal parity {odd or even) can be optionally added to the
character and will occur bstween the last data bit and the
first stop bit. After the first character is written in the Data
Register, the Status Register can be read again to check for a
Transmit Data Register Empty condition and current
peripheral status. If the register is empty, another character
can be loaded for transmission even through the first
character is in the process of being transmitted (because of
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double buffering). The second character will be sutomatical-
ly transferrad into the Shift Register when the first character
transmission is completed. This sequence continues until-sll
the characters have been transmitted.

RECEIVE

Data is received from a peripheral by meens of the Receive
Data input. A divide-by-one clock ratio is provided for an sx-
ternally synchronized clock (to its data) while the divide-

by-16 and 64 ratios are provided for intemnal synchronization.

Bit synchronizstion in the divide-by-18 and 84 modes is in-
itiated by the detection of 8 or 32 low sampies on the receive
fine in the divide-by-16 and 64 modes respectively. Faise start
bit deletion capability insures that a full half bit of  start bit
has been received before the internal clock is synchronized
to the bit time. As a character is being recsived, perity (odd
or even) wil be checked and. the error indication will be
aveilsbls_in the Status Register along with framing error,
overrun efrror, and Receive Data. Register full. In s typical
receiving sequence, the Status Register is read to determine
if a character has been received from & periphers!. If the
Receiver Data Register is full, the character is placed on the
B-bit ACIA bus when a Read Data command is received from
the MPU. When parity has been selected for a 7-bit word (7
bits plus parity), the receiver strips the parity bit (D7 =0} so
that data alone is transferred to the MPU. This feature
reduces MPU programming. The Status Register can con-
tinue 10 be read to determine when another character is
available in the Receive Data Register. The receiver is also
double buffered so that a- character can be read from the
data register as another character is being received in the
shift register. The above sequence continues until all
characters have been received.

INPUT/OUTPUT FUNCTIONS

ACIA INTERFACE SIGNALS FOR MPU

The ACIA interfaces to the M8B00 MPU with an 8-bit
bidirectional data bus, three chip select lines, a register select
line, an interrupt request line, read/write kine, and ensble
line. These signals permit the MPU to have complete control
over the ACIA.

ACIA Bidirections! Deta (D0-D7) — The bidiractional data
lines {DO-D7) sllow for data trensfer between the ACIA and
the MPU. The data bus output drivers are three-state devices
that remain in the high-impedance (off) state except when
the MPU performs an ACIA read operation.

ACIA Enable (E} — The Ensble signal, E, is 8 high-
impadance TTL-compatible input that enables the bus in-
put/output data buffers snd clocks data 1o and from the
ACIA. This signal will normally be a derivative of the MC8800
$2 Clock or MC6808 E clock.

Reed/Write (R/W) — The Read/Write line is a high-
impedance input that is TTL compatible and is used to con-
trol the direction of data flow through tha ACIA’s input/out-
put dats bus interface. When Read/Write is high (MPU Read
cycle), ACIA output drivers are turned on snd a selected
register is raad. When it is low, the ACIA output drivers are

turned off and the MPU writes into a selected register.
Therefore, the Read/Write signal is used to select read-only
or write-only registers within the ACIA.

Chip Select (CSO, CS1, €S2) — These three high-
impedance TTL-compatible input lines are used 10 address
the ACIA. The ACIA is selected when CSO and CS1 are high
and C57 is low. Transfers of data to and from the ACIA are
then performed under the control of the Enable Signal,

Read/Write, and Register Select.

Register Select (RS) — The Register Select line is 3 high-
impedance input thatis TTL compatible. A high level is used
to select the Transmit/Receive Data Registers and a low
level the Control/Status Registers. The Read/Write signal
line is used in conjunction with Register Select 1o select the
read-only or write-only regjster in each register pair.

interrupt Request (IRQ} — Interrupt Request is a3 TTL-
compatible, open-drain {no internal pullup), active low out-
put that is used to interrupt the MPU. The 1RQ output re-
mains low as long as the cause of the interrupt is present and
the appropriate interrupt enable within the ACIA is set. The
IRQ status bit, when high, indicates tha TRQ output is in the
active state. :

Interrupts result from conditions in both the transmitter
and receiver sections of the ACIA. The trarismitter saction
causes an interrupt when the Transmitter Interrupt Enabled
condition is selected (CR5#CR6), and the Transmit Data
Register Empty (TDRE) status bit is high. The TORE status
bit indicates the current status of the Transmitter_Data
Register except when inhibited by Clear-to-Send (CTS]} be-
ing high or the ACIA being maintained in the Reset condi-
tion. The interrupt is cleared by writing data into the
Transmit Data Register. The interrupt is masked by disabling
the Transmitter Interrupt via CRS or CR6 or by the loss of
CTS which inhibits the TDRE status bit. The Receiver sec-
tion causes an interrupt when the Receiver Interrupt Enable
is set and the Receive Data Register Full (RDRF) status bit is
high, an Overrun has occurred, or Data Carrier Detect (DCD)
has gone high. An interrupt resulting from the RDRF status
bit can be cleared by reading data or resetting the ACIA. in-
terrupts caused by Overrun or loss of DCD are cleared by
reading the ststus register afier the error condition has oc-
curred and then reading the Receive Data Register or reset-
ting the'ACIA. The receiver interrupt is masked by resetting
the Receiver interrupt Enable.

CLOCK INPUTS

Separate high-impedance TTL-compatible inputs are pro-
vided for clocking of transmitted and received data. Clock
frequencies of 1, 18, or 64 times the data rate may be
selected.

Transmit Clock (Tx CLK) — The Transmit Clock input is
used for the clocking of transmitted data. The transmitter in-
itiates data on the negative transition of the clock.

Receive Clock (Rx €LK) — The Receive Clock input is
used for synchronization of received data. {In the « 1 mode,
the clock and data must be synchronized externally.) The
receiver samples the data on the positive transition of the
clock.
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SERIAL INPUT/OUTPUT LINES

Recsive Data (Ax Data) — The Receive Data line is a high-
impedsnce TTL-compatible input through which data is
received in a serial format. Synchronization with a clock for
detection of data is accomplished internally when clock rates
of 16 or 64 times the bit rate are used.

Transmit Data (Tx Data) — The Transmit Data output line
transfers serial data to a modem or other peripheral.

PERIPHERAL/MODEM CONTROL

The ACIA includes several functions that permit limited
control of a peripheral or modem. The functions included are
Clear-to-Send, Request-to-Send and Data Carrier Detect.

Clesr-to-Send (CTS) — This high-impedance TTL-
compatible input provides automatic control of the transmit-
ting end of a communications link via the modem Clear-to-
Send active low output by inhibiting the Transmit Data
Register Empty {TDRE) status bit.

Request-to-Send (RTS) — The Request-to-Send output
enables the MPU to control 3 peripheral or modem via the
data bus. The RTS output corresponds to the stste of the
Control Register bits CR5 and CR6. When CR6=0 or both
CR5 and CRB=1, the ATS output is low (the active state).
This output can also be used for Data Terminal Ready (DTR).

Dsta Carrier Detsct (DCD) — This high-impedance TTL-
compatible input provides sutomatic control, such as in the
receiving end of a communications link_by means of a
modem Data Carrier Detect output. The DCD input inhibits
and initializes the receiver section of the ACIA when high. A
low-to-high transition of the Data Carrief Detect initistes an
interrupt 10 the MPU to indicate the occurrence of a loss of
carrier when the Receive Interrupt Enasble bit is set. The
Ax CLK must be running for proper DCD operation.

ACIA REGISTERS
The expanded block diagram for the ACIA indicates the in-
ternal registers on the chip that are used for the status, con-
trol, receiving, and transmitting of data. The content of each
of the registers is summarized in Table 1.

TRANSMIT DATA REGISTER (TDR)

Data is written in the Transmit Data Register during the
negative transition of the snable (E) when the ACIA has been
addressed with RS high and R/W low. Writing data into the
register causes the Transmit Data Register Empty bit in the
Status Register to go low. Data can then be transmitted. If
the transmitter is idling and no character is being ransmit-
ted, then the transfer will teke place within 1-bit tima of the
trailing edge of the Write command. If a character is being
transmitted, the new data characier will ccmmencs as soon
as the previous character is complete. The transfer of data
causes the Transmit Data Register Empty {TORE) bit 10 in-
dicate empty.

RECEIVE DATA REGISTER (RDR)

Data is automatically transferrad to the empty Receive
Data Register (RDR)} from the receiver deserializer (a shift
register) upon receiving 8 complete characier. This svent
causes the Receive Data Register Full bit (RDRF) in the
status buffer to go high {fulll. Data may then be read
through the bus by addressing the-ACIA and selecting the
Receive Data Register with RS and R/W high when the
ACIA is snabled. The non-destructive reed cycle causes the
RDRF bit to be cleared to empty although the dsta is re-
1ained in the RDR. The status is mainhtained by RDAF as to
whether or not the data is current. When the Receive Data
Register is full, the automatic transfer of data from the
Receiver Shift Register to the Data Register is inhibited and
the RDR contents remain valid with its current status stored
in the Status Register.

TABLE 1 — DEFINITION OF ACIA REGISTER CONTENTS

Bulfer Addras
e
Deta RS & R/W RS ¢ R/W S o AN AS e RAW
Bus . Trarsmit Recaive
Line Data Dats Control Status
Number Register Register Roeginter Rogister
(Write Onty) (Resd Only) {write Only) {Read Only)
] Date Bi1 O° CataBin 0 Counter Divide Receive Dats Register
Select 1 (CRO) Full [ROREF)
1 Dasta Bit 1 Dats Bit-1 Counter Divide Trsnsmit Oata Asgister
Select 2 (.CR ] Empty (TDRE)
2 Osta Bit 2 Data Bit 2 Word Select Oata Carriar Dotect
{CR2) (BED)
3 Dsta Bit 3 Oasta Bit 3 Word Select 2 Clear to-Seng
{CARI tTTS) -
4 Data Bit 4 Dsts Bit 4 Word Select 3 Framing Error
{CR4) (FE)
5 Data @it S Dste Bit S Trensmit Control 1 Receiver Overrun
{CRS5) {OVRAN)
[ Deta Bit & Dats Bit 6 Transmit Control 2 Parity Ecror (PE)
{CRE)
7 DaagBit7°""* Osta Bit 7** Receive Interrupt Interrupt Requent
Ensbie (CA7Z) {1rRQ}

® Lescting bit «~ LSB = Bit Q
** Data bit will be zero in 7-bit plus parity modes.
*** Deta bitis "don’t care” in 7-bit plus parity modes.

s
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