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PRODUCT SPECIFICATION

Z86C15

CMOS z8® MCU 8-BIT
KEYBOARD CONTROLLER

FEATURES

ROM RAM* o Speed
Device (KB) (Bytes) Lines (MHz)
286C15 4 236 32 5

Note: *General-Purpose

4.5V to 5.5V Operating Range
0°C to 70°C Operating Temperature Range

Expanded Register File

Low-Power Consumption: 30 mW @ 5 MHz Typical

B Six Vectored, Priority Interrupts from
Six Different Sources

B Two Programmable 8-Bit Counter/Timers,
Each with 6-Bit Programmable Prescaler

m Power-On Reset (POR) Timer, Hardware Watch-Dog
Timer (WDT)

m Digital Inputs CMOS Levels with
Internal Pull-Up Resistors

B Four Direct Connect LED Drive Ports
B On-Chip RC Oscillator, 4 MHz to 5 MHz

GENERAL DESCRIPTION

The Z86C15 Keyboard Controller is a full-featured member
of the Z8® microcontroller family offering a unique register-
to-register architecture that avoids accumulator bottle-
necks and is more code efficient than RISC processors.

For applications demanding powerful 1/O capabilities, the
Z286C15 provides 32 pins dedicated to input and output.
These lines are grouped into four ports, each port consist-
ing of eight lines, and are configurable under software con-
trol to provide timing, status signals, and serial or parallel
I/O ports.

Two on-chip counter/timers, with a large number of user-
selectable modes, are available to relieve the system of
administering real-time tasks, such as counting/timing and
1/O data communications.

Six different internal or external interrupt sources are
maskable and prioritized so a vectored address is provided
for efficient interrupt subroutine handling and multitasking
functions.

The Z86C15 achieves low-EMI by means of several modi-
fications in the output drivers and clock circuitry of the de-
vice.

By means of an expanded register file, the designer has
access to three additional system control registers that
provide extra peripheral devices, I/O ports, and register ad-
dresses (see Functional Block Diagram, Figure 1).

Power connections follow conventional descriptions
below:

Connection Circuit Device

Power VCC VDD

Ground GND Vss
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286C15

CMOS z8® MCU 8-Bit Keyboard Controller Zilog
GENERAL DESCRIPTION (Continued)
5 5
'—
z K ‘% llg
o o |w -
Output Input Vce GND ’o: o =
????$$$$ é $ 4 ? é A
N > Machine
Port 3 N Timing & Inst.
i L Control
i WDT
ALU POR
Counter/ || ﬁ
Timers (2) N Flags
Program
Memory
Register
Pointer f ?
Control N Register File Counter
258 x 8-Bit T
A— "N port 1
Port 2 Port 0 4 ) ort
/O I/O lle;
(Bit Programmable) (_)utput Open-Drain Output Open-Drain
(Nibble Programmabile) (Byte Programmable)
Figure 1. Z86C15 Functional Block Diagram
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Zilog

Z86C15

CMOS z8® MCU 8-Bit Keyboard Controller

PIN IDENTIFICATION

VCC
CLKOUT
RCIN

P37
P30

RESET

AGND
*N/C

WDTOUT

P35

GND

P32
P00
P01
P02
P03
P04
P05
P06
P07

OO0000000000000nn00mnIm0

/
1 40 4
2 39
3 38 |1
4 37 1
5 36 [
6 35 |1
7 34 1
8 3 A
9 32
10 z86Ci5 31 [

DIP 30 [
12 29 [
13 28 1
14 27 1
15 26 ]
16 25 ]
17 24 ]
18 23 1
19 22
20 21 1

P36
P31
P27
P26
P25
P24
P23
P22
P21
P20
P33
P34
P17
P16
P15
P14
P13
P12
P11
P10

Note: Pin 8 is connected to the chip, although it is used only for testing. This pin must float.

Figure 2. 40-Pin DIP Pin Configuration

Table 1. 40-Pin DIP Identification Table 1. 40-Pin DIP Identification
Pin# Symbol Function Direction Pin# Symbol Function Direction
1 Vee Power Supply Input 10 P35 Port 3, Pin 5 Output
2 CLKOUT Z8 System Clock Output 11 GND Ground Input
3 RCIN RC Oscillator Clock Input 12 P32 Port 3, Pin 2 Input
4 P37 Port 3, Pin 7 Output 13-20 PO7-PO0  Port O, Pins In/Output
5 P30 Port 3, Pin 0 Input 0,1,2,3,4,5,6,7
6 RESET Reset Input 21-28 P17-P10 Port 1, Pins In/Output
7 AGND Analog Ground 0,1,2,3,45,6,7
8 N/C Not Connected 29 P34 Port 3, Pin 4 Output
9 WDTOUT Watch-Dog Timer Output 30 P33 Port 3, Pin 3 Input
31-38 P27-P20 Port 2, Pins In/Output
0,1,2,3,4,5,6,7
39 P31 Port 3, Pin 1 Input
40 P36 Port 3, Pin 6 Output
DS97KEY0303 3



286C15

CMOS z8® MCU 8-Bit Keyboard Controller Zilog
PIN IDENTIFICATION (Continued)
[,
3
P4
oeN=EX Q o=~ oY
22280 8228 & &
6 5 4 3 2 1 4443 4241 40 )
RESET [] ] 39 1 NIC
AGND [ 38 :l P24
*N/C [ 37 ] P23
WDTOUT [] 10 36 [] P22
P35 [] 1 3 11 P21
aND [ 12 Z86C15 34 1 P20
P32 [] 13 PLCC 33 1 P33
Poo [ 14 32 [1 P34
po1 ] 15 31 1 P17
Po2 ] 16 30 1 ri6
NC ] 17 29 1 P15
\ 18 19 20 21 22 23 24 25 26 27 28 /
| NS [ NN [ NN B SN G NN N NN R N Ry SN R SUS R S Ry S |
83885222 T8
@ dadaccaacaeaan 2
*Note: Pin 9 is connected to the chip, although it is used
only for testing. This pin must float.
Figure 3. 44-Pin PLCC Pin Assignments
Table 2. 44-Pin PLCC Pin Identification Table 2. 44-Pin PLCC Pin Identification
Pin# Symbol Function Direction Pin# Symbol Function Direction
1 Vee Power Supply Input 17 N/C Not Connected
2 CLKOUT Z8 System Clock  Output 18-22 P07-P0O3 Port 0, Pins 3, 4, 5, In/Output
3 RCIN RC Oscillator Clock Input 6,7
4 P37 Port 3, Pin 7 Output 23-27 P14-P10 Port 1, Pins 0, 1, 2, In/Output
5 P30 Port 3, Pin 0 Input 3,4
6 N/C Not Connected 28 N/C Not Connected
7 RESET Reset Input 29-31 P17-P165  Port1,Pins 5, 6,7 In/Output
8 AGND Analog Ground 32 P34 Port 3, Pin 4 Output
*g N/C Not Connected 33 P33 Port 3, Pin 3 input
10 WDTOUT Watch-Dog Timer Output 34-38 P24-P20 Port 2, Pins 0, 1, 2, In/Output
11 P35 Port 3, Pin & Output NG Z 4
12 GND Ground Input 39 / ot Conr?ected
13 P32 Port 3. Pin 2 Input 40-42 P27-P25 Port 2, Pins 5, 6, 7  In/Output
14-16 P02/P00_ Port0, Pins 0, 1,2 In/Output 43 P3i Port 3, Pin | Input
44 P36 Port 3, Pin6 Output
4 DS97KEY0303



Z86C15

Zilog CMOS z8® MCU 8-Bit Keyboard Controller
.
3
p-a
OO9NrNSX 0O o-N~o0w
>222c8¢g228s ¢
r 44 43 42 41 40 3938 37 36 35 34 h
RESET [I1 ] 1 O 33 |11 NIC
AGND [—TT 2 32 =TT P24
NC —TIT— 3 31 11 P23
WDTOUT [TT] 4 30 T P22
Pas LI 5 266015 29 [—TT 7 P2t
bod— QFP 28 =TT P20
Ps2 LI 7 27 |11 P33
e ——— 26 [—TT 7 P34
ot LI ¢ 25 I—TT 1 P17
Po2 [T {10 24 1T P16
NG 1T 23 [—TIT 1 P15
\ 121314151617 1819202122
838852 -9eF0
[« T« W« T o TR « T o NN o Y o Y « PR N> 4
*Note: Pin 3 is connected to the chip, although it is used
only for testing. This pin mustfioat.
Figure 4. 44-Pin QFP Pin Assignments
Table 3. 44-PIN QFP Pin Identification Table 3. 44-PIN QFP Pin Identification
Pin# Symbol Function Direction Pin# Symbol Function Direction
1 RESET Reset Input 27 P33 Port 3, Pin 3 Input
2 AGND Analog Ground 28-32 P24-P20 Port 2, Pins 0, 1,2, In/Output
*3 N/C Not Connected 3,4
4 WDTOUT  Watch-Dog Timer  Output 33 N/C Not Connected
5 P35 Port 3, Pin 5 Output 34-36 P27-P25 Port 2, Pins 5,6, 7 In/Output
6 GND Ground Input 37 P31 Port 3, Pin 1 Input
7 P32 Port 3, Pin 2 Input 38 P36 Port 36 Output
810  P02-P00 Port0, Pins 0, 1,2 In/Output 39 VCC Power Supply Input
11 N/C Not Connected Input 40 CLKOUT Z8 System Clock  Output
12-16  P07-P03 Port 0, Pins 3,4,5,6,7 In/Output 41 RCIN RC Oscillator Clock Input
1721 P14-P10 Port 1, Pins 0,1,2,3,4In/Output 42 P37 Port 3, Pin 7 Output
22 N/C Not Connected 43 P30 Port 3, Pin 0
23-25 P17-P15 Port 1, Pins 5,6,7  In/Output 44 N/C Not Connected
26 P34 Port 3, Pin 4 Output
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Z86C15
CMOS z8® MCU 8-Bit Keyboard Controller

Zilog

ABSdLUTE MAXIMUM RATINGS

Symbol Description Min Max Units

Veo Supply Voltage* 03 470 i

Tstg Storage Temp -656 +150 °C

Ta Oper Ambient 0 +106 °C
Temp

* Voltage on all pins with respect to GND.

Stresses greater than those listed under Absolute Maxi-
mum Ratings may cause permanent damage to the de-
vice. This is a stress rating only; operation of the device at
any condition above those indicated in the operational sec-
tions of these specifications is not implied. Exposure to ab-
solute maximum rating conditions for extended periods
may affect device reliability.

STANDARD TEST CONDITIONS

The characteristics listed here apply for standard test con-
ditions as noted. All voltages are referenced to GND. Pos-
itive current flows into the referenced pin (Test Load).

From Output o
Under Test

j 4

@I1 == 150 pF

Figure 5. Test Load Diagram

CAPACITANCE

Ta =25°C; Voo = GND = 0V; f = 1.0 MHz; unmeasured pins returned to GND.

Parameter Max

Input Capacitance 12 pF
Output Capacitance 12 pF
I/O Capacitance 12 pF

FREQUENCY
Frequency 4 MHz - 5 MHz

Tolerance +10%

Frequency tolerance limit only applies to the packaged device and not die or wafer.
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286C15

Zilog CMOS z8® MCU 8-Bit Keyboard Controller
DC CHARACTERISTICS
Voo = 5.0V £10% @ 0°C to +70°C
Typical
Sym Parameter Min Max @25°C Unit Condition Notes
Vey  Clock input High Voltage 0.7Vgec Vo +0.3V 25 V  Driven by External Clock
Generator
Vor  Clock Input Low Voltage GND -0.3 0.2 Ve 1.6 V' Driven by External Clock
Generator
ViH Input High Voltage 0.7Vce Vee + 0.3 2.5 Vv
ViL Input Low Voltage GND -0.3 0.2V 1.5 \'
Vey  Reset Input High Voltage 0.8Vge Vee 2.1 \Y
Ve  Reset Input Low Voltage GND -0.3 0.2Vee 1.7 \Y
Von  Output High Voltage Vgc 0.4 3.1 V  loy=-2.0mA
Von  Output High Voltage Vg 0.6 V lopy=-20mA 1
Vo,  Output Low Voltage 0.8 V loL=4mA 1
VoL  Output Low Voltage 0.4 V lgi=4mA
loL Output Low 10 20 MA v =VCC 22V 1
i Input Leakage -1 1 <1 pA Vi =0V, 5.25V 2
loL Output Leakage -1 1 <1 pA Vi =0V, 5.25V
lcc  Vec Supply Current 12 6 mA @ 5.0 MHz
POR Power On Reset 80 160 120 ms
lccr  Standby Current 4 20 mA HALT Mode V|y = 0V, Voo @
5 MHz
lccz  Standby Current 20 pA  STOP Mode Viy = OV
Rp Pull Up Resistor 6.76 14.04 10.4 Kohm
Rp Pull Up Resistor (P26-P27) 1.8 3 24  Kohm
Rp Pull Up Resistor (Reset) 40 80 60 Kohm
Notes:

1. Ports P37-P34. These may be used for LEDs or as general-purpose outputs requiring high sink current.
2. Input pin without pull-up resistor.
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286C15

CMOS 28® MCU 8-Bit Keyboard Controller Zilog
AC ELECTRICAL CHARACTERISTICS
Additional Timing Table
Ta = 0°C to +70°C
Vee 5 MHz
No Symbol Parameter Note [4] Min Max Units Notes
1 TpC input Clock Period 5.0V 125 100000 ns 1
2 TrC,TIC  Clock Input Rise & Fall Times 5.0V 25 ns 1
3 TwC Input Clock Width 5.0v 37 ns 1
4 TwTinL  Timer Input Low Width 5.0v 70 ns 1
5 TwTinH  Timer Input High Width 5.0V 2.5TpC 1
6 TpTin Timer Input Period 5.0V 4TpC 1
7 TrTin Timer Input Rise & Fall Timer 5.0V 100 ns 1
8A TwlL int. Request Low Time 5.0V 70 ns 1,2
8B TwiL Int. Request Low Time 5.0V 3TpC 1,3
9 TwiH Int. Request Input High Time 5.0v 3TpC 1,2
10  Twsm STOP Mode Recovery Width Spec 5.0V 20 ns Reg. SMR - D5=0
5.0v 5TpC Reg. SMR- D5=1
11 Tost Oscillator Startup Time 5.0V 5TpC 4
12 Twdt Watch-Dog Timer Delay Time 5.0V 2 ms 5
5.0V 4 ms 6
5.0v 8 ms 7
5.0V 32 ms 8
13 POR Power On Reset Delay 5.0V 84 196 ms
Notes:
1. Timing Reference uses 0.7 VCC for a logic 1 and 0.2 VCC for a logic 0.
2. Interrupt request via Port 3 (P31-P33).
3. Interrupt request via Port 3 (P30).
4. SMR-D5 = 0.
5. D1 =0, DO = 0.(Reg. WDTMR)
6. D1 =0, DO =1 (Reg. WDTMR)
7. D1 =1, DO = 0.(Reg. WDTMR)
8. D1 =1, DO = 1.(Reg. WDTMR)
8 DS97KEY0303



286C15
Zilog CMOS z8® MCU 8-Bit Keyboard Controller

AC ELECTRICAL CHARACTERISTICS

Stop

Mode
Recovery
Source

Figure 6. Additional Timing Diagram
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Z286C15
CMOS z8® MCU 8-Bit Keyboard Controller

Zilog

PIN FUNCTIONS

RCIN. This pin, connected between a precision resistor
and the power supply, forms the precision RC oscillator.

CLKOUT. This pin is the system clock of the Z8® MCU
and runs at the frequency of the RC oscillator.

Port 0 (PO7-PQ0). Port 0 is an 8-bit, nibble-programmable,
bidirectional, CMOS-compatible I/O port. These eight I/O

lines can be configured under software control as a nibble
input port, or as a nibble open-drain output port. Inputs
have standard CMOS (Figure 7). Port PO0-P03 has

10.4 Kohm (£35%) pull-up resistor when configured as in-
puts.

Z86C15

~\
J

I/O
(Open-Drain Output)

? Port 0

(a) Port POO-PO3

10.4 Kohm

+— Pad

Input 04

(b) Port PO4-PO7

<]
o) D] t_

Input

OEN
Output

<<

T— Pad

Figure 7. Port 0 Configuration

10
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Zilog

Z86C15

CMOS Z8® MCU 8-Bit Keyboard Controller

Port 1 (P17-P10). Port 1 is an 8-bit, byte programmabile,
bidirectional, CMOS-compatible 1/O port. These eight 1/O

lines can be configured under software control as a byte in-

110
(Open-Drain Qutput)

g S E

OE

Outpu

Figure 8.

Pad

Port 1 Configuration

put port or as an open-drain output port. Inputs have stan-
dard CMOS input levels (Figure 8).

DS97KEY0303
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Z286C15
CMOS Z8® MCU 8-Bit Keyboard Controller Zilog

PIN FUNCTIONS (Continued)

Port 2 (P27-P20). Port 2 is an 8-bit, bit-programmable, bi-  puts (Figure 9). P26 and P27 have 2.4 Kohm (+25%) pull-
directional, CMOS-compatible I/O port. These eight I/O  up resistors and are capable of sourcing 10 mA. P24 and
lines are configured under the software control programfor P25 have 10.4 Kohm (£35%) pull-up resistor when config-
I/0. Port 2 can be programmed as bit-by-bit independently,  ured as inputs.

as input or output, or configured to provide open-drain out-

Z86C15 > > Port 2
(/0)

QEN
Open-Drain
(a) Ports P20-P23 Pad
Input DO—' |

n ——o—o}——

-
10.4 Kohm

OEN
Open-Drain
(b) Ports P24-P25
Pad
Input >O—| |

OEN 3
Open-Drain
(c) Ports P26-P27 Pad
=D

,N

Figure 9. Port 2 Configuration
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Zilog

Z86C15
CMOS z8® MCU 8-Bit Keyboard Controller

Port 3 (P37-P30). Port 3 is an 8-bit, CMOS-compatible
four-fixed-input (P33-P30) and four-fixed-output (P37-
P34) I/O port. Port 3 outputs have 10.4 Kohm pull-up resis-
tances and are capable of directly driving up to four LEDs
of output. (Voltage on Port 3 is 2.8V @ 20 mA.)

Port 3 is configured under software control to provide the
following control functions: four external interrupt request
signals (IRQO-IRQ3); timer input and output signals (TIN
and TOUT - Figure 10).

RESET (input, active Low). When activated, RESET initial-
izes the Z86C15. When RESET is deactivated, program
execution begins from the internal program location at
000CH. Reset pin has a 10.4 Kohm (+35%) puli-up resis-
tor. When this pin is pulled Low, it takes 150 ms for the
Z286C15 to initialize (POR).

Z86C15

Port 3
> (/O or
Control)

(a) Port 3 P34-P37

Output

(b} Port 3 P30-P33

Input —04——06

Pad
|m
|
/77
10.4 Kohms
Pad

Figure 10. Port 3 Configuration

DS97KEY0303
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286C15
CMOS z8® McU 8-Bit Keyboard Controller

Zilog

FUNCTIONAL DESCRIPTION

Program Memory. The 16-bit program counter address-
es 4 KB of program memory space at internal locations
(Figure 11).

The first 12 bytes of program memory are reserved for the
interrupt vectors. These locations have six 16-bit vectors
that correspond to the six available interrupts.

Byte 12 to byte 4095 consists of on-chip, mask
programmed ROM. Addresses 4096 and greater are
reserved.

65535
Reserved
4096
Location of 40%° On-Chip
First Byte of ROM
Instruction
Executed ~t-----=---=----
After RESET 12 | W
11 IRQ5
10 IRQ5
9 IRQ4
8 IRQ4
IRQ3
Interrupt Q
Vector ¢ IRQ3
(Lower Byte) ™|
5 [T IRQ2
4 ¥ IRQ2
Interrupt —" Q
Vector 3 IRQ1
(Upper Byte)
2 IRQ1
1 IRQO
0 IRQO

Figure 11. Program Memory Map

Register File. The register file consists of four I/O port reg-
isters, 236 general-purpose registers and 15 control and
status registers (R0-R3, R4-239 and R240-R255, respec-
tively), plus two system configuration registers in the ex-
panded register group. The instructions access registers
directly or indirectly via an 8-bit address field. This allows
a short, 4-bit register address using the Register Pointer
(Figure 12). In the 4-bit mode, the register file is divided
into 16 working register groups, each occupying 16 contin-
uous locations. The Register Pointer addresses the start-
ing location of the active working register group.

I

I r7 6 r5 r4 | B 2 M r0 R253
(Register Pointer)

The upper nibble of the register file address

provided by the register pointer specifies
the active working-register group.
} R15to RO

7F

70
6F

80
5F

50
aF

. The lower nibble

pe of the register
; ; file address
T Specified Working = "
Register Group -ai—— provided by the

30 instruction points
2F to the specified
b e register.

1F

- Register Group 1
10
oF

R15to RO

R15to R4

Register Group 0

1/0 Ports R3 to RO

00

Figure 12. Register Pointer Register

Note: Register Bank EO-EF is only accessed through
working register and indirect addressing modes.

The 4 KB program memory is mask programmable. A
ROM protect feature prevents “dumping” of the ROM con-
tents by inhibiting execution of LDC, LDCI, LDE, and LDEI
instructions to Program Memory in all modes.

The ROM Protect option is mask-programmable, to be se-
lected by the customer at the time when the ROM code is
submitted.

Expanded Register File. The register file has been ex-
panded to allow for additional system control registers,
and for mapping of additional peripheral devices along
with 1/0 ports into the register address area. The Z8 regis-
ter address space RO through R15 has now been imple-
mented as 16 groups of 16 registers per group (Figure 13).
These register groups are known as the Expanded Regis-
ter File (ERF). Bits 7-4 of the RP Register select the work-
ing register group. Bits 3-0 of the RP Register select the
expanded register group (Figure 13). Two system configu-
ration registers reside in the Expanded Register File at
Bank F. The rest of the Expanded Register is not physical-
ly implemented and is open for future expansion

14
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Z286C15

Zilog CMOS Z8® MCU 8-Bit Keyboard Controlier
Z8 STANDARD CONTROL REGISTERS
REGISTER POINTER
[7]6]5s]4f3]2]1]0] REGISTER
% FF SPL
Working Register Expanded Register
Group Pointer Group Pointer % FE SPH
% FD RP
% FC FLAGS
% FB IMR
% FA 1RQ
% F9 IPR
% F8 PO1M
* % F7 P3M
* 1 %F6 P2M
Z8 Reg. File
%FF % F5 PREO
%FO % F4 TO
% F3 PRE1
% F2 T
% F1 T™MR
% FO Reserved

%7F

Reserved

%0F
%00

Note: * Will not be reset with a
STOP Mode Recovery

EXPANDED REG. GROUP (F)

REGISTER

* % (F) OF WDTMR
% (F) OE Reserved
% (F) 0D Reserved
% (F) 0C Reserved

* % (F) 0B SMR
% (F) 0A Reserved
% (F) 09 Reserved
% (F) 08 Reserved
% (F) 07 Reserved
% (F) 06 Reserved
% (F) 05 Reserved
% (F)} 04 Reserved
% (F) 03 Reserved
% (F) 02 Reserved
% (F) 01 Reserved
% (F) 00 Reserved

EXPANDED REG. GROUP (0)

REGISTER
% (0) 03 P3
% (0) 02 P2
% (0) 01 P1
% (0) 00 PO

Figure 13. Expanded Register File Architecture

DS97KEY0303
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Z286C15
CMOS Z8® MCU 8-Bit Keyboard Controller

Zilog

FUNCTIONAL DESCRIPTION (Continued)

Counter/Timers. There are two 8-bit programmable
counter/timers (TO-T1), each driven by its own 6-bit pro-
grammable prescaler. The T1 prescaler can be driven by
internal or external clock sources, however, the TO pres-
caler is driven by the internal clock only (Figure 14).

The 6-bit prescalers can divide the input frequency of the
clock source by any integer number from 1 to 64. Each
prescaler drives its own counter, which decrements the
value (1 to 256) that has been loaded into the counter.

RC
0SsC

Clock Out

When both the counter and prescaler reach the end of
count, a timer interrupt request, IRQ4 (T0) or IRQ5 (T1), is
generated.

The counter can be programmed to start, stop, restart to
continue, or restart from the initial value. The counters can
also be programmed to stop upon reaching zero (single
pass mode) or to automatically reload the initial value and
continue counting (modulo-n continuous mode).

Internal Data Bus

vy 11

Write * lL

Read * ﬂ
TO

PREO
DO (SMR) Initial Value Initial Value Current Value
Register Register Register
I} I} ]f
6-Bit 8-bit
- 4 Down - Down
Counter Counter » |RQ4
¢—— |nternal Clock
Y
+2 f——— TOUT
P36
External Clock 1
Clock
Logic
6-Bit 8-Bit = |RQ5
»] 4 Down = Down
\ Counter Counter j !
Internal Clock ﬁ ﬁ
Gated Clock PRE1 T1 T1
Triggered Clock Initial Value Initial Value Current Value
Register Register Register
T AT el Tt U
Paj Write Write Read
Internal Data Bus
Figure 14. Counter/Timers Block Diagram
DS97KEY0303
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Zilog

Z86C15
CMOS Z8® MCU 8-Bit Keyboard Controller

The counters, but not the prescalers, are read at any time
without disturbing their value or count mode. The clock
source for T1 is user-definable and is either the internal
mircoprocessor clock divided by four, or an external signal
input through Port 3. The Timer Mode register configures
the external timer input as an external clock, a trigger input
that can be retriggerable or non-triggerable, or as a gate
input for the internal clock. The counter/timers can be pro-
grammable cascaded by connecting the TO output to the
input of T1. Port 3 lines P36 also serves as a timer output
(Tour) through which TO, T1 or the internal clock are out-
put.

Interrupts. The Z86C15 has six different interrupts from
six different sources. These interrupts are maskable and
prioritized (Figure 15). The six sources are divided as fol-
lows: four sources are claimed by Port 3 lines P33-P30,
and two are claimed by the counter/timers. The Interrupt
Masked Register globally or individually enables or dis-
ables the six interrupts requests.

IRQO-IRQ5
g
IRQ

T

e

[ 1]

— IMR

\O)

IPR
Global

Interrupt

Enable U
Interrupt [ Priority
Request

Logic
Figure 15. Interrupt Block Diagram

v

Vector Select

When more than one interrupt is pending, priorities are re-
solved by a programmable priority encoder that is con-
trolied by the Interrupt Priority register. All interrupts are
vectored through locations in the program memory. When

an interrupt machine cycle is activated an interrupt request
is granted. Thus, this disables all of the subsequent inter-
rupts, saves the Program Counter and status flags, and
then branches to the program memory vector location re-
served for that interrupt. This memory location and the
next byte contain the 16-bit address of the interrupt service
routine for that particular interrupt request.

To accommodate polled interrupt systems, interrupt inputs
are masked and the interrupt request register is polled to
determine which of the interrupt request needs service.

EMI. Lower EMI on the Z86C15 is achieved through circuit
modifications. The internal divide-by-two circuit has been
removed to further reduce EMI.

RC Oscilllator. The Z86C15 provides an internal capacitor
to accommodate an RC oscillator configuration. A 1% pre-
cision resistor is necessary to achieve 10% accurate fre-
quency oscillation.

The Z86C15 also accepts external clock from Pin 3 and
Pin 7.

VCC

1%
Precision

RCIN

CLKOUT

RC Oscillator

RCIN

AGND

External Clock

Figure 16. RC Oscillator Configuration

DS97KEY0303
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Z86C15
CMOS z8® MCU 8-Bit Keyboard Controller

Zilog

FUNCTIONAL DESCRIPTION (Continued)

Watch-Dog Timer. The Z86C15 features a hardware
Watch-Dog Timer activated automatically by power-on
(Figure 17). The WDT is a retriggerable one-shot timer that
resets the Z8 if it reaches its terminal count. The WDT cir-
cuit is driven by an on-board RC osciilator. The Watch-Dog
Timer is programmable for 4,9,18 and 75 ms and must be
refreshed at least once during each time cycle by execut-
ing the instruction WDT (Opcode = %5F), otherwise the
Z86C15 will reset itself if WDTOUT pin 9 is connected to
RESET (Pin 6). Figure 17 shows the block diagrams of
WDT.

The WDTOUT pin can be connected to the RESET pin to
provide an automatic reset with an 18 Tpc delay upon
WDT time-out.

During WDT time-out, the WDTOUT pin goes Low for ap-
proximately 6 Tpc (system clock cycle).

WDT Hot Bit. Bit 7 of the Interrupt Request register (IRQ
register FAH) determines whether a hot start or cold start

WDTMR (F) OF

occurred. A cold start is defined as a reset occurring from
the power-up of the Z86C15 (the default upon power-up is
0). A hot start occurs when a WDT time-out has occurred
(bit 7 is set to 1). Bit 7 of the IRQ register is read-only and
is automatically reset to 0 when accessed.

Watch-Dog Timer Mode Register (WDTMR). The WDT-
MR must be written to within 64 internal system clocks af-
ter that it is write protected.

WDTMR Period (D1, DO}. These bits determine the time-
out period of the WDT.

WDTMR During HALT (D2). This bit determines whether
or not the WDT is active during HALT Mode. The default is
1, and a 1 indicates active during HALT.

WDTMR During STOP (D3). This bit determines whether
or not the WDT is active during STOP Mode. The default
is 1, and a 1 indicates active during STOP.

D7) D6| D5] D4| D3] D2} D1

DO

_L WDT TAP  Divider

00 2
01 * 8
10 16
1 32
WDT During HALT
0 OFF
1 ON*
WDT During STOP
0 OFF
1 ON*

Reserved (Must be 0.)

Reserved (Must be 0.)

* Default setting after RESET.

Figure 17. WDT Mode Register
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VCC

WDT
Output

Reset

Internal

Reset / \

£<

b,

-t 6 '4_
cc Tpc

K _/

L

2 N

” /[

fect—— POR—>|

Eod

* Reset Delay = POR 150 ms +20%

Figure 18. WDT Turn-On Timing After Reset

10.4 Kohms

Reset

WDT

[ 1

Reset Circuitry 4®

Programmable 150 ms

Counter

I

Internal RC

Figure 19. WDT Block Diagram
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FUNCTIONAL DESCRIPTION (Continued)

Power-On-Reset (POR). A timer circuit clocked by a ded-
icated on-board RC oscillator is used for the Power-On Re-
set (POR) timer function. The POR time allows VCC and
the oscillator circuit to stabilize before instruction execu-
tion begins.

The POR timer circuit is a one-shot timer triggered by one
of two conditions:

1. Power fail to Power OK status
2. Stop-Mode Recovery (if D5 of SMR=1)

The POR time is a nominal 150 ms +20%. Bit 5 of the Stop-
Mode Recovery Register determines whether the POR
timer is bypassed after Stop-Mode Recovery.

HALT. HALT turns off the internal CPU clock, but not the
RC oscillator. The counter/timers and external interrupts
IRQO, IRQ1, IRQ2, and IRQ3 remain active. The Z86C15
is recovered by interrupts, either externally or internally.

STOP. This instruction turns off the internal clock and ex-
ternal crystal oscillation. It reduces the standby current to
10 pA or less. The STOP Mode is terminated by a reset
only (WDT time-out, SMR recovery or external reset). This
causes the processor to restart the application program at
address 000C (HEX). In order to enter STOP (or HALT)
Mode, it is necessary to first flush the instruction pipeline
to avoid suspending execution in mid-instruction. To do
this, the user must execute a NOP (Opcode=FFH) imme-
diately before the appropriate sleep instruction. For exam-

ple:

FF NOP ; clear the pipeline

6F STOP ; enter STOP Mode
or

FF NOP ; Clear the pipeline

7F HALT ; enter HALT Mode

Stop-Mode Recovery Register (SMR). The SMR is locat-
ed in Bank F of the Expanded Register Group at address
0BH. This register selects the clock divide value and deter-
mines the mode of Stop-Mode Recovery (Figure 20). All
bits are Write Only, except Bit 7 which is Read Only.

SMR (F) 0B

D7| D6| D5| D4] D3| D2] D1] DO

L SCLK/TCLK Divide-by-16
0 OFF*
1 ON

Reserved

Stop Mode Recovery Source

000 POR Only*
001 Logical NAND
P00-P03
P30-P33
P24-P26
010 P31
011 P32
100 P33
101 P27
110 NOR P20 through P23
111 NAND P00-P03
P31, P33, P24,
P25, P26
Stop Delay
0 OFF
1 ON*

Stop Recovery Level
0 Low"
1 High

Stop Flag
0 POR/WDT*
1 Stop Recovery

* Default setting after RESET

Figure 20. Stop-Mode Recovery Register

SCLK/TCLK Divide-by-16 Select (D0). DO of the SMR
controls a divide-by-16 prescaler of SCLK/TCLK. The pur-
pose of this control is to selectively reduce device power
consumption during normal processor execution (SCLK
control) and/or HALT Mode (where TCLK sources
counter/timers and interrupt logic).
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Stop-Mode Recovery Source (D2, D3, and D4). Bits 2, 3,
and 4 of the SMR register specify the wake-up source of
the Stop-Mode Recovery signal (Table 4 and Figure 21).

Table 4. Stop-Mode Recovery Source

Stop-Mode Recovery Delay Select (D5). Bit 5 controls
the reset delay after recovery. The default configuration of
this bit is 1, which enables a 150 ms RESET delay after
Stop-Mode Recovery. If this bit is set to 0, the “fast” wake
up is selected and the STOP-Mode Recovery source is
kept active for at least 5 TpC.

SMR:432 Operation
D4 D3 D2  Description of Action Stop-Mode Recovery Edge Select (D6). Bit 6 controls
0 0 0 POR and/or External Reset whether a low level or a high level is required from the re-
Recovery covery source. The default configuration of this bit is 0. A
: 1 indicates that a high level on any one of the recovery
1 D POO-P - indi
0 0 lﬁg%'?;ﬁ 2'2\16 00-P03,P30 sources wakes the Z86C15 from STOP Mode. A 0 indi-
0 3 0 P31 ,Transition cates a low level recovery. The default is 0 on POR.
0 1 1 P32 Transition Cold or Warm Start (D7). This bit is set upon entering
1 0 0 P33 Transition STOP Mode. A 0 (cold) indicates that the device is
1 0 1 P27 Transition awakened by a POR/WDT RESET. A 1 (warm) indicates
1 ] 0 Logical NOR of P20-P23 that the device is awakened by a SMR source.
1 1 1 Logical NAND of PO0-P03, P31, P33,
P24, P25, P26
SMR D4 D3 D2
OVDS ° SMR D4 D3 D2 SMR D4 D3 D2 SMR D4 D3 D2 SMR D4 D3 D2 SMR D4 D3 D2
00 1 10 0 10 1 11 0 11 1
P31 g : ?
= P20 P00-P03,
st 3 S
P32
To POR
® ] : RESET
Stop-Mode Recovery Edge
Select (SMR)
T P33 Data
Latch and IRQ1
P33 From Pads Mo
]
Digital/Analog Mode
Select (P3M)

Figure 21. Stop-Mode Recovery Source
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Z8 CONTROL REGISTER DIAGRAMS
R241 TMR R244 TO
D7y D6}y D5} D4| D3| D2]| D1] DO D7|D6 | D5|{ D4} D3| D2 D1]| DO
I— 0 = No Function I TO |Initial Value
1=Load TO {(When WRITE)
(Range: 1-256 Decimal
0 = Disable TO Count 01-00 HEX)
1 =Enable TO Count TO Current Value
0 = No Function (When READ)
1=Load T1
?= E:f:,ﬁ? H ggn:g Figure 25. Counter/Timer 0 Register
- (F4H: Read/Write)
TIN Modes
00 = External Clock Input
01 = Gate Input
10 = Trigger Input R245 PREO
(Non-retriggerable)
11 = Trigger Input |D7| D6| Dsl D4| Dsl DZI D1| Do|
(Retriggerable)
TOUT Mode I— Count Mode
00 = Not Used 0 = Ty Single Pass
01=T0 OUT 1=TgModulo N
10=T1 OUT Reserved (Must be 0)
11 = Internal Clock Out Prescaler Modulo
(Range: 1-64 Decimal
01-00 HEX)
Figure 22. Timer Mode Register Figure 26. Prescaler 0 Register
(F1H: Read/WI’Ite) (F5H: Write only)
R242 T R246 P2M
D7| D6) D5 D4 D3} D2 D1 DO [07] ps] o5 04] D3 p2| 01| po
T1 Initial Value l -
P20-P27 1/O Definition
?év::;evmgg)ecimal 0 Defines Bit as OUTPUT
01-00 HEX) 1 Defines Bit as INPUT
T1 Current Value
(When READ) Figure 27. Port 2 Mode Register
(F6H: Write Oonly)
Figure 23. Counter Timer 1 Register
(F2H: Read/Write) R247 P3M
p7| o 05| p4| b3 p2| 01] Do

R243 PRE1
D7] Di

=]

D5| D4| D3| D2| D1|DO

I— Count Mode

0=T1 Single Pass
1=T1 ModuloN

Clock Source
1=T0 Internal

(TIN) Mode

Prescaler Modulo
(Range: 1-64 Decimal
01-00 HEX)

Figure 24. Prescaler 1 Register
(FSH: Write Only)

0=T0 External Timing InpL

l— 0 Port 2 Pull-Ups Open-Drain

1 Port 2 Pull-Ups Active
Reserved (Must be 0)

Figure 28. Port 3 Mode Register
(F7H: Write Only)
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R248 PO1M
|D7|De| Ds|D4|03|02|D1|Do|

—L POO - PO3 Mode

00 = Output
01 = Input

Stack Selection

P10-P17 Mode
0 = Byte Output
1 = Byte Input

Reserved (Must be 0)

P04 - PO7 Mode
00 = Output
01 = Input

Figure 29. Port 0 and 1 Mode Register
(F8H: Write Only)

R249 IPR
D7|D6|D5|D4| D3| D2]| D1} DO

1 T |

Reserved = 000
C>A>B =001
A>B>C=010
A>C>B=011
B>C>A=100
C>B>A=101
B>A>C=110
Reserved = 111

0=1RQ1>IRQ4
1=1RQ4 >IRQ1

0=1RQ2>IRQO
1 =IRQ0 > IRQ2

0 = IRQ5>1RQ3
1=1RQ3 >IRQ5

Reserved (Must be 0)

Figure 30. Interrupt Priority Register
(FOH: Write Only)

R250 IRQ
|D7| DSI B Dal Dzl D1| DOI

I—— IRQQ = P32 Input (DO = IRQO)

IRQ1 = P33 Input
IRQ2 = P31 Input
IRQ3 = P30 Input
IRQ4=TO

IRQ5 =T1

Reserved (Must be Q)
WDT Hot Bit

0 =POR"

1 = WDT TIME OUT

*Default setting after setup.

Figure 31. Interrupt Request Register
(FAH: Read/Write)

1 = Internal (Must be 1)

Interrupt Group Priority

IRQ1, IRQ4 Priority (Group C)

IRQO, IRQ2 Priority (Group B)

IRQ3, IRQS Priority (Group A)

R251 IMR
|D7|06 os| 4| D

w

02| D1|Do|

1 Enables IRQO-IRQ5
(DO = IRQO)

Reserved (Must be 0)
1 Enables Interrupts

Figure 32. Interrupt Mask Register
(FBH: Read/Write)

R252 Flags
D7|{ D6]| D5| D4| D3} D2| D1] DO

I— User Flag F1

User Flag F2
Half Carry Flag

Decimal Adjust Flag

Overflow Flag

Sign Flag

Zero Flag

Carry Flag

Figure 33. Flag Register
(FCH: Read/Write)

R253 RP
ID7I DSI D5| D4| D3| D2| D1 | DOI

_-:_ Expanded Register File

r4

rs Register
Pointer
6

7

Figure 34. Register Pointer
(FDH: Read/Write)

R254 GPR
D7| D6| D5] D4} D3| D2| D1] DO

|

Figure 35. General-Purpose Register
(FEH: Read/Write)
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Z8 CONTROL REGISTER DIAGRAMS (Continued)
R255 SPL
[07] os] s p4] D3] p2[ 1] DO
Stack Pointer Lower
Byte (SP0-SP7)
Figure 36. Stack Pointer
(FFH: Read/Write)
EXPANDED REGISTER FILE REGISTERS
SMR (F) 0B WDTMR (F) OF
D7| D6| DS| D4| D3| D2| D1} DO p7| ps| D5| D4| D3| D2| D1] DO
I_ SCLK/TCLK Divide-by-16 —L WDT TAP Divider
0 OFF* 00 2
1 ON 01+ 8
Reserved }10 ;26
Stop Mode Recovery Source .
000 POR Only* 0WD(')I'FI?:unng HALT
001 Logical NAND 1 ON*
P00-PO3
P30-P33 WDT During STOP
P24-P26 0 OFF
Al o
100 P33 Reserved (Must be 0.)
101 P27
110 NOR P20 through P23 Reserved (Must be 0.)
111 NAND PO00-P03
P31, P33, P24, * Default setting after RESET.
P25, P26
Stop Dela . .
o oFF Figure 38. Watch-Dog Timer Mode Register
1 ON*
Stop Recovery Level
0 Low"
1 High
Stop Flag
0 PORMWDT*
* Default setting after RESET 1 Stop Recovery

Figure 37. Stop-Mode Recovery Register
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PACKAGE INFORMATION
20 1
1L - SYMBOL |—MILLMETER INCH
MIN MAX MIN MAX
Al 051 | 1.02 [ 020 [ 040
C ) A2 318 | 394 | 125 | 155
B 038 | 055 | .05 | .02t
81 1.02 | 152 [ .o40 | 060
c 0.25 | 038 [ 009 | .015
SR o e e e e e e D 52.07 | s2.58 |2.050 }2.070
40 £ 15.24 | 1575 | .600 | .620
o Et | 1359 | 1422 | 535 | .560
2.54 TYP 100 TYP
oA | 15.49 | 1676 | .610 | .650
o1 L 3.05 | 381 | .120 | .150
{ Q1 1.52 | 1.91 | .060 | .075
‘—___T A2 S 1.52 | 2,29 | .080 .090
H L t E
J vl I .
- L— s —-l I——m -l B B1 / — \
y\_____l
CONTROLLING DIMENSIONS : INCH ¢
b oA -
Figure 39. 40-Pin DIP Package Diagram
- D = A
0t -~ M
&
N 8 e o ey 80 ‘ .oza?.ozo SYNBOL MILUMETER INCH
1 .§ MIN MAX MIN MAX
70 3
g 0] 3 | o b Ny ; A 027 457 | 04168 | 0.180
|
E : 3 gg -3 & At 2.4 292 | 0095 | 0118
z
g , N 3 0.51/0.36 4 LY 17.40 17.65 0.685 0.695
- -—----p €¢ s —f 002076014 g© .
d ! 7 = a- D1/E1 16.51 16.66 0.650 0.656
g ! P £ 02 1524 | 1600 [ o600 | 0.630
g | P 0.81/0.66 S
g ) al 0.032/0.026 | = ] 1.27 1P 0.050 TYP
Y 1s 029 £
: NOTES:
OO TOTOTT -.J - 2 1, CONTROLLING DIMENSION : INCH
2. LEADS ARE COPLANAR WITHIN 0.004".
g'o%?%gfs‘ 3. DIMENSION : MM
04570 {NCH
Figure 40. 44-Pin PLCC Package Diagram
25
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; HD
)
33 3
3¢ 1 i ) 2 MIN MAX MIN MAX
— : = At 0.05 0.25 .002 010
—= i ) A2 2.00 2.25 .078 089
s 1m0 ] - — |
pm— | — b 0.25 0.45 .010 018
e T My | == E HE ¢ 0.13 0.20 .005 ,008
o i ) HD 1370 | 1415 .539 557
— ! o ) 9.90 | 10.10 390 398
— | — HE 13.70 | 14.15 539 557
(' i ) : : 220 :
== ' = £ 9.90 | 10,10 .390 398
o] 0.80 TYP 0315 TYP
L 0.60 1.20 024 | .047
1 "
J Lb J Lm NOTES:
1. CONTROLLING DIMENSIONS : MILLIMETER

2. LEAD COPLANARITY : MAX .10
.004"

Figure 41. 44-Pin QFP Package Diagram
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ORDERING INFORMATION

5 MHz 5 MHz 5 MHz
40-Pin DIP 44-Pin PLCC 44-Pin QFP
Z86C1505PSC Z86C1505VSC Z86C1505FSC

For fast results, contact your local Zilog sales office for assistance in ordering the part desired.

CODES
Package Environmental
P = Plastic DIP C = Plastic Standard

V = Plastic Leaded Chip Carrier

F = Quad Flat Pack Temperature
S = 0°C to +70°C

Speed
05 =5 MHz

Example:
Z 86C15 05 P S C isaZ86C15, 5MHz, DIP, 0°C to +70°C, Plastic Standard Flow

| l— Environmental Flow
Temperature
Package

Speed
Product Number
Zilog Prefix

DS97KEY0303 27
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OCEAN CHIPS

OxreaH INeKTPOHMUKM
MocTaBKa 3ﬂeKTp0HHbIX KOMMOHEHTOB

Komnanusa «OkeaH DNEKTPOHMKM> MpEeAaraeT 3aK/Il04EHUE JONTOCPOYHbIX OTHOLLIEHMM NpU
MOCTaBKaX MMMOPTHbIX 3/1EKTPOHHbIX KOMMOHEHTOB HA B3aMMOBbIrOZHbIX YC10BMAX!

Hawwu npeumyliectsa:

- NlocTaBKa OpMrMHaIbHbIX UMMNOPTHbBIX 3/IEKTPOHHbIX KOMMOHEHTOB HanNpAMYy C NPOM3BOACTB AMEPUKM,
EBponbl M A3uK, a TaK e C KpYNHEMLIMX CKIaJ0B MMPa;

- LUnMpoKas sMHeMKa NOCTaBOK aKTUBHBIX M MACCMBHBIX MMMOPTHbBIX 3/1EKTPOHHbIX KOMMOHEHTOB (6onee
30 MJIH. HAMMEHOBAHUMN);

- MocTaBKa C/IOXKHbIX, AeDUUMUTHBIX, IM60 CHATLIX C NPOM3BOACTBA NO3ULMIA;

- OnepaTMBHbIE CPOKM NOCTABKM NOA 3aKa3 (0T 5 paboumx AHEN);

- JKCnpecc JoCTaBKa B 06YH0 TOYKY Poccuu;

- Momouwb KoHcTpyKTOpCKOro OTAena 1 KOHCynbTauumu KBaMPULUUPOBAHHBIX MHXEHEPOB;

- TexHM4ecKaa nogaepkka NpoeKTa, NomMollb B NoA6ope aHanoros, NocTaBka NPOTOTUNOB;

- [locTaBKa 3/1EKTPOHHbIX KOMMOHEHTOB NoJ, KOHTposiem BIT;

- CUcTeMa MeHeaXXMeHTa KayecTBa cepTudmumpoBaHa no MexayHapogHomy ctaHgapTy 1SO 9001;

- Mp1 HEO06XOAMMOCTH BCA NPOAYKLUMA BOEHHOIO M adPOKOCMMYECKOrO Ha3HaYeHMA NPOXoAUT

MCMbITaHMA M CEPTUMhMKALMIO B TaGOPATOPMM (MO COrIACOBAHMIO C 3aKa34YMKOM);
- MocTaBKa cneumanusmMpoBaHHbIX KOMMOHEHTOB BOEHHOMO M a3POKOCMMYECKOr0 YPOBHSA KayecTBa

(Xilinx, Altera, Analog Devices, Intersil, Interpoint, Microsemi, Actel, Aeroflex, Peregrine, VPT, Syfer,
Eurofarad, Texas Instruments, MS Kennedy, Miteq, Cobham, E2V, MA-COM, Hittite, Mini-Circuits,
General Dynamics u gp.);

KomnaHua «OkeaH JNEeKTPOHMKKU» ABNAETCA oduuMabHbIM AUCTPUOLIOTOPOM M SKCKJIHO3MBHbBIM
npesctasuteneM B Poccum ofHOrO M3  KpPYMHEMWMX MPOM3BOAMUTENIEM Pa3beEMOB BOEHHOMO W
A3pPOKOCMMYECKOro Ha3sHavyeHuMs <«JONHON», a Tak Xe oduuMaibHbiIM AUCTPUOBIOTOPOM MU
JKCK/II03MBHbIM nNpeacTaBuTenieM B Poccvn npousBoauTENA BbICOKOTEXHOIOMMYHBIX M HaAEXHbIX
peweHun ans nepeaaym CBY curHano «FORSTAR>.

«JONHON> (ocHoBsaH B 1970 T.)

PasbeMbl crneumanbHOro, BOEHHOMo M A3POKOCMHNYECKOIo
Ha3Ha4YeHHA:

JONHON (MpuMeHsOTCA B BOEHHOM, aBMALMOHHOM, a3POKOCMMYECKOM,

MOPCKOM, KeNe3HOAOPOXKHOM, TOpHO- M HedTeao6biBatoLLeN
0Tpac/AX NPOMbILLIEHHOCTH)

«FORSTAR> (ocHoBaH B 1998 r.)

BY coegmHmnTENN, KOAKCHaNbHbIE Kabenn

’ ) ®
KabenbHble COOPKM M MMKPOBONIHOBbIE KOMMOHEHTbI: FORS 'AR
L

(MpuMeHsaTCA B TEJIEKOMMYHMKAUMAX  FPaXXAaHCKOro M
cneuManbHOrO HasHayeHus, B cpeacTBax cBA3sM, PJIC, a TaK xe
BOEHHOM,  aBMALUMOHHOM M AdPOKOCMMYECKOM  OTpacisx
NPOMBILLNIEHHOCTH).

TenedoH: 8 (812) 309-75-97 (MHOroKaHasbHbIN)

dakc: 8 (812) 320-03-32

DNIeKTpPOHHas noyTa: ocean@oceanchips.ru

Web: http://oceanchips.ru/

Appec: 198099, r. CaHkT-leTepbypr, yn. KananHuHa, 4. 2, Kopn. 4, amT. A




