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PROGRAMMABLE UNIVERSAL COUNTER

Description

ZENIC INC. ZEN2002AP is a 24 bit programmable universal counter LSI .
THE ZENZ2002AP counts phase-shifted signals and up/down pulse signals, generated from rotary encoders or
linear scales.

Since the counter response speed is as high as 20MHz(MAX),the ZEN2002AP is used in a variety of high speed
services including digital servo control and precision measurement.

THE ZEN2002AP is provided with a function which monitors the input signals and detects any abnormal input
accompanied with noise or other disturbances, so that the reliability of counted values are secured.

1, Features
24 bit binary up/down counter. 2, Typical Applications
Counter response speed: NC machine tools
20MHz.(MAX.) (CLK fo= 20MHz at 50% duty) Precision positioners

Input frequency of count pulse. Robot arm controllers

Phase-shifted signal input: Speed controllers for rotating machines
A/B phase input DC ~ 5MHz. Electronic gauges
(less than fo ~1/4) Frequency counters

Up/down pulse signal input:

Up/down input DC ~ 10MHz

(less than fo ~1/2)
CLK frequency DC ~ 20MHz.

(MAX.: duty ratio 50%)
Direction recognition for up/down counting.
Abnormal input detection circuit. Pin configuration
Preload register for the up/down counter. (Top view)
Latch register for the up/down counter.

Reference value - count value coincidence
detection function. VSS 1 1 28 — VDD
Momentary output : TTL CLK [ 2 27 7 INT
Interrupt output(latched) : open collector RESET [ 3 26 EQ
On-chip status register. CE [ 4N 25 | UDI/AB
Counter operation mode. CD [ 5M 24 — DIR
Edge evaluation selection : single/double/quad RD ] 6 < 23 7 VSS
(only for phase-shifted signal input) WR — 77 22 | AUP
Count direction selection. LD O g© 21 — BI/DN
Counter clear control:synchronous/ LT — 9@ 20 |5 ZCLR
asynchronous clear. DO 10 N 19 5 D7
Fixed/variable edge clear. DI 11 > 18 5 D6
8 bit data bus. D2 120 17 D5
[ 1
Low power CMOS technology. D3 4 13 16 5 D4
TTL compatible. vss 14 15 5 vbD
Single 5V power supply.
28 pin DIP.
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3, Block Diagram

CE —> Command
c/D—> register
RD —>{Control (8bit)
WR——>  logic
LT —
LD — Status
A register
—1 (8hit)
— Reference
L\ register
—/| (24bit)
{} Interrupt _
control logic —> INT
Comparator
(24bit) EQ
= ~~
| | Latchregister
(24bit)
7
UD/AB ———— |\ | Up/down counter
DIR — (24hit)
7
A/UP Phase UP PULSE
B/DN discrimi- DOWN PULSE
—_—
ZICLR nation COUNTER CLEAR
—_—
RESEF——> |\ | Preload register
CLK ——> (24bit)
VDD —> 7
VSS —>

D7~DO
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4, Block function

1) Up/down counter
It is presettable up/down binary counter of 24 bit length.
The count value can be read out from the latch register via the data bus without influencing to the count operation.
The counter value is initialized by loading the preload register(24bits) or via the data bus every 8 hits.
2) Reference register
It is awriting register of 24 bit length.
The written data is compared by the comparator with the count value of the up/down counter.
3) Comparator
It is a digital comparator of 24 bit length.
The data of the reference register is aways compared with the counter value of the up/down counter and the result is
output to EQ(26Pin), the status register, and the interruption control logic.
4) Preload register

It is a dataregister of 24 bit length.

Its data is loaded into the up/down counter by the external signal LD(8Pin) or the command(load instruction).
5) Latch register

It is a data register only for reading 24 bit length.

It latch the count value of the up/down counter by the external signal LT (9Pin) or the command(latch instruction).
6) Command register

It is aregister for the command writing. ( 8 bits )

The controls of loading instruction, latch instruction, count clear control, and register (byte) selection and count mode

changes, etc. are done by using this register.

7) Status register

It is aregister for the status reading. ( 8 hits )

It monitors the state of abnormal input detection, the state of input signal(A,B,Z), the state of the latch register,
count direction, the state of coincidence detection(count value = preset value), and the state of interruption output
(INT).

8) Phase distcrimination logic

The count pulse for the up/down counter is generated from the input signa of A/UP(22Pin) and B/DN(21Pin).
9) Control logic

The read/write timing control, the decoding about the command data, and the status flag control.
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5, Pin Description

Pin No. | Signal /O | Function
2 CLK I System clock
3 RESET | System reset

Up/down counter, phase discrimination logic, command register
and the status register are initialized.

4 CE I Chip enable
5 C/D | | Command/data select
"High":command/status  "Low":data
6 RD | | Read strobing
7 WR | | Write strobing
8 LD | Data loading
The data of the preload register is loaded to the up/down counter
9 LT I Count data latch
The count value of the up/down counter is latched to the latch register.
10 DO /O | Databus
11 D1 Bidirectional data bus ( 8 bits ).
12 D2 It is used to transmit and receive the command, status and data.
13 D3
16 D4
17 D5
18 D6
19 D7
20 ZICLR I Counter clear
21 B/DN I Count pulse input B
22 A/UP I Count pulse input A
24 DIR I Count direction selection
I

25 UD/AB Input signal selection
Selection up/down or phase-shifted pulse
26 EQ O | Coincidence detection output
Coincidence detection output of count value and preset value of reference register.
27 INT O | Interruption output
When the coincidence of the count value and the preset value is detected, it outputs.
It maintains to reset or the reset command execution.
1 VSS Power supply ( 5v)
15 VDD Ground (Ov )
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6, Basic operation
The read/write operation is selected according to CE, C/D, RD, and WR.

CE | c/b | RD | WR | Operation
H - - - Disable
L L L H The data reading
L L H L The data writing
L H L H Status reading
L H H L Command writing

1) Selection of count pulse input

UD/AB | Input pulse signal AIUP B/DN
H Up/down pulse Up pulse Down pulse
L Phase-shifted pulse Phase-A pulse Phase-B pulse

2) Access pointer
The internal register is selected by setting the access pointer of the command register. Once setting the pointer,

it is incremented automatically after reading or writing 1 byte data. ( automatical increment function )

3) Abnormal input detection
The function is to check whether it is normal state transition () when the phase-shifted pulse is input.

When the abnormal state transition happens , D7 of the status register becomes "H".

AB AB <—> : noamal transition

01 <—>11 <---> : abnormal transition
‘-~ "7

$ £° A

00<—>10 Example of causing abnormal

a. When it is not possible to sample signal accurately
because the pulse input frequency exceeded 1/4 of the system clock freguency.
b. When you pick up noise.
4) Selection of count edge ( C = count , hc = no count )
Up/down pulse input

v T Lf

DN

0.1y
L

Single c C

Phase-shifted pulse input
( CW (phase-A preceding)) ( CCW (phase-B preceding))
A : A

c
Double C nc C nc Double nc C nc C
C

Single C nc nc nc Single  nc nc nc
Quad C C C C Quad C C C

ZENIC Inc.



ZEN2002AP

7, Command register

D7 D6 D5 D4 D3 D2 D1 DO

| (command ID)

0 = Load/latch and register selection

1 = Phase-Z input control

0 = Edge evaluation and clearness timing control
1 = Interruption output control

P Pk OO —

(1) Latch and loading/register selection
D7 D6 D5 D4 D3 D2 D1 DO
0 0 LD LTRS1RS0BS1BSO
| 1 | 0 0 -- Lower 8 hits. (D) ( the pointer is automatically incremented )

The data latch instruction
The data loading instruction

I

I T 0 1 -- Middle 8 bits. mn

[ I . 1 0 --Upper 8 hits. M

| | 0 0 = Up/down counter (D) ( the pointer is automatically incremented )
| | 0 1 - Comparison register M

| ] 1 - e Preload register M

| 1

1

(2) Phase-Z input control
D7 D6 D5 D4 D3 D2 D1 DO
0 1 0o 0 - - ZE1ZEO
0 O -- No operation
0 1 -- Phase-Z input invalidity (D)
1 0 -- Limiting phase-Z input next effective
1 1 -- Every time, phase-Z input is effective.

(3) Edge evaluation and clear timing
D7 D6 D5 D4 D3 D2 D1 DO
1 0 0 O0SYNCZC MS1LMSO
| | O 0 -- Single
| O 1 -- Double

I

| | 1 - - Quad (D)

| 0 e A changeable edge is clear.
| 1 e A fixed edge is clear (D).

0 - Asynchronous clearness (D)
1 e Synchronous clearness

(4) Interruption output control
D7 D6 D5 D4 D3 D2 D1 DO

11 0 o0 - - - INT
0 ---- Interruption output disable (D)
1 ---- Interruption output enable
(D): Default
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8 , Status register

D7 D6 D5 D4 D3 D2 D1 DO
Z A B DTRU/DEQ INT

Al

I
I
I
I
I
0
1

I
I
I
I
I
I
I
I
0
1

|
|
|
|
|
I
I
I
I
I
0
1

|
|
|
|
|
I
I
I
I
I
|
|
0
1

|
|
|
|
|
I
I
I
I
I
|
|
|
|
0
1

Al is reset after the status reading and DTR is after reading the data of one byte in "0".

9, Operation timing

(1) Count operation

Phase-shifted pulse input

N O

CLK

A/UP

\\
B/DN \ F

\ \

\

INT = L"
MR
Count value = preset value
" 1
Down count
Up count
Latch register Not ready
" Data ready
B/DN = "L"
= I'H"
A/UP = "L"
- "H"
ZICLR = "L"
- "H"
Abnormal input undetection
" detection

\

< N
\ \
) )
N A \‘ ~ N N A \|
\ R U

\
A\
\
\
L
N \
\

Counter Y ) ) VD y
Single N >< \ LON+L [ ><N
‘\ ' ‘\ ‘\ \ ‘\
\ \‘/ \ \ \‘/ L
Double N X Nrr X N2 XNer XN
Quad I EEHEEH N

Up/down pulse input

UL
I N

CLK

A/UP

B/DN

Counter

\
\
A ~
N
\ \
\ \

N
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(2) Clear operation

Synchronous clear ( Only phase-shifted pulse input ).

direction CW (phase-A preceding)

YT I e
BON | [
ZICLR | .

v
Counter operation ><:>< start
0000H

Asynchronous clear
Variable edge
direction CW (phase-A preceding)

CLK
ZICLR |2-\

Counter operation ><:>< start

Fixed edge

CLK

ZICLR -

N

\
Counter ~_ operation ><:>< start
0000H

(3) The data loading and latch operation timing

CLK

UL
5 L%
\‘ N

LT \

1 ~

N
! \
\y

Counter L

y
Latch N X M
register

direction CCW (phase-B preceding)

L
:

\
1
\

\/
operation ><:>< start

0O00H

direction CCW (phase-B preceding)

operation start
0000H

><M (When thé value of preload register is M)
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10, Electric characteristic
1) Absolute maximum ratings ( Vss = Ov )

Item Sign Vaues Unit
Supply voltage Voo -0.3~7.0 Vv
Input voltage Vi Vss-0.3 ~ Voot+0.3 V
Output voltage Vo Vs-0.3 ~ Voot+0.3 \%

Peak output current lou +40 mA
lon -20 mA
Permissible loss PT 495 mw
Operation temperature Topr 0~70 C
Reservation temperature Tsq -55 ~ 150 C
2) Recommended operating conditions ( Vss = Ov )

Item Sign | Min. Typical | Max. Unit
Supply voltage Voo 475 5.00 5.25 \
Operation temperature Ta 0 70 C

3) 1/0 capacity ( Voo=V:=Ov f=1MHz Ta=25 C)

Item Sign | Min. Typical | Max. Unit
Input terminal Cin 10 20 pF
Output terminal | Cour 10 20 pF
1/0O terminal Cio 10 20 pF

4) DC characteristics ( a the recommended operating conditions )

Item Sign conditions Min. |Typica | Max. |Unit
Standby current loos  [Vi=Voo OF Vss 100 HA
Operation current looo  |Vi=Voo Or Vss f=20MHz Output open 30 mA
Input Hlevel | Vi (group A,D,E) 2 VDD | V

voltage [L level | Vu (group A,D,E) 0 08|V
Input leakage lu Vi=Voo OF Vss (group A,B) -10 10 A

current lers | Vi=Voo (group E) -20 20 A
Input threthold Vrra | Voo=5.0V (group B) 1.7 24 |V
Vrra 0.6 1.2 V
Hysteresis width MNVw | Voo=5.0V (group B) 0.2 0.5 V
Output H level | Vox lo=-1.6mA V=Voo Or Vss VDD \%
(group D,F) -0.6
voltage |L level | Va [0=12mA V=V or Vss (group C) 04 V
lo=4mA V=V Or Vss (group D,F) 0.4 \%
OUtpUt Ieakage loz Vo=HI-Z Vi=Voo Or Vss Vo=Voo -10 10 l,lA
current (group C)
Vo=HI-Z Vi=Vw 0or Vss -10 10 KA
Vo=Voo Or Vss (group D)
Pullup register Revi | Vi=0.0V Voo=5.0V (group E) 12 30 75 |KQ

group A:CE,C/D,RD,WR,CLK,RESET
group B:LT,LD,Z/CLR,B/DN,A/UP
group C:INT

group D:D0,D1,D2,D3,D4,D5,06,D7
group E:DIR,UD/AB

group F:EQ
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11, AC characteristics ( Ta=0-70 C Vcc=5v}5% )

Item Sign Condition Min Max |Unit
C/D,CE setup time(D7-D0) taw 0 nS
C/D,CE hold time(D7-D0) tuwa 0 nS
Data setup time (WR-) tow 25 nS
Data hold time (WR-) two 10 nS
WR pulse width tww 50 nS
C/D,CE setup time (@Fy tar 50 nS
C/D,CE hold time (RD-) tra 30 nS
RD pulse width e 50 nS
Data access time (RD1) tro 50 | nS
Data float delay time(RD-) tor 20 | nS
Clock H/L pulse width (0] 22 nS
Clock rise up time @ 3 | nS
Clock fall down time 0] 3| nS
Clock cycle time @y 50 nS
Reset pulse width trst @y /2+50 nS
LD pulse width tiow 50 nS
LT pulse width tiow 50 nS
CLK--EQMelay time teor 20 | nS
CLK--EQ-delay time teor 20 | nS
A ,B high level width tewasn @y /2+20 nsS
A,B low level width trwasL @y /2+20 nsS
A,B phase difference time tsas @,+10 nS
Z high level width te Synchronous clear @y /2+20 nS
Z pulse width tzz Asynchronous clear @,+20 nS
UP high level time tuen Up/down mode @,+20 nS
UP low level time tur " @,+20 nS
DN high level time tonw " @+20 nS
DN low level time tont " @+20 nS
UP--DN- set time tuos " 0 nsS
CLK--INT elay time twre  |load capacity 75pF 121 | nS

Write cycle
C/D,CE _
C/D:"High"P Command writing
"Low"P Data writing
>
tAW tWA
WR
tWW
tDW tWD

ZENIC Inc.
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Read cycle
C/D,CE
C/D:"High" P Status reading
"Low" P Data reading
RD B
tAR tRR tRA
D7~DO
tRD tDF

Clock waveform

* T s
) )

Reset waveform

tRST

RESET —— ‘

iD
(LT)
tLDW

(turw)

ZENIC Inc.
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Phase-shifted pulse input

A/UP

B/DN

tPWABH

tPWABL

tSAB

tSAB

tSAB

tSAB

tPWABH

tPWABL

ZICLR

(Synchronous clear)

ZICL R—/‘

(Asynchronous clear)

Up/down pulse input

.

s

A/UP

Output timing of EQ,INT signal

cak /TN N

N

X (sh+2) X

ubC

(sP-1) X

(SP)

X

(SP+1)

tEF

teor

tl NTF

UDC:count value of up/down counter

(SP):set vaue of reference register

o ]

ZENIC Inc.
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12, Application note

Z80
address
ZBOCPU decadar IENZ0024F
- — = &/TP
AT ~il D— =y CE . B/DN
er——— ZSCLERE
A0 /D =
EDIo—
RD j FD
9 e UD/AR
7 - DIR
I0Rg p———— ) T
DT ~D0 07 ~D0 __
n— = EQ
oD ————=
ki),
RESET — =
8086
S08ECET
MH/WE p— VDD
— =LK M/IO e \}C
~|READY ED <
RESET
B
VR & TENZ0024F
= L0
DT/R . L/TIP
DEN ] \3;151"323 CE E/DN
ALE %B J Faser I/CLE
ﬁHD h| Baze2 /T
ADO ~AD15 lntch
A16~418 [\ /| ate
—_— Zord [ D
BHE | L
D/ LE
DIE
| —— WR pee—— LD
%E_E e LT
B&250 /1
—\ transcel \ P/ DT ~Do EQ
B/ S T
ZENIC Inc.
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13, Package Outlines( dimensions in mm )

10 28 —
1l l %
1l | %
O i ——
O M 1) —
0 o o —
0 0 2 — i
0 0 e e
O | 0 3
O [ o o
O 0 —
O [ &/—‘ﬁi
14 15 —
]
%T 1.0typ.
<—13.370.1
13.0} 0.2 >
3.3}0.3
0.25+0. 2
.
15

15.24} 0.5
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ZENIC reserves the right to make changes in its product without any notice to improve reliability, function or
design.

ZENIC does not assume any liability arising out of the application or use of any product or circuit described
herein;neither does it convey any license under its patent rights nor the rights of others.

Information contained in this publication regarding device applications and the like is intended through
suggestion only and may be superseded by updates.

ZENIC products are not designed, intended, or authrized for use as components in systems intended for surgical
implant into the body, or other applications intended to support or sustain life, or for any other application in
which the failure of the ZENIC products could create a situation where personal injury or death may occur.

Z80 is a registered trademark of Zilog Inc.
6809 is a registered trademark of Motorola Inc.

8086 is a registered trademark of Intel Corp.

All right reserved. Copyright a 1991, ZENIC INC.
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I\Il ZENIC Inc. URL http://www.zenic.co.jp/
— — 1-17-14, Ohgaya Ohtsu Shiga 520-2144, JAPAN
Fax. +81-77-543-9431 E-mail support@genic.co.jp
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