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1  ARCHITECTURAL OVERVIEW

The Z86K15 Keyboard Controller is a full-featured member of tH2 EEU
family, offering a unique register-to-register architecture that avoids accumulator
bottlenecks. The Z86K15 is more code-efficient than RISC processors.

For keyboard applications demanding powerful 1/O capabilities, the Z86K15 pro-
vides 32 pins dedicated to input and output for row, column, clock, data, and
LEDs.

An on-chip counter/timer is available to relieve the system of administering real-
time tasks.

5 different internal or external interrupt sources are maskable and prioritized to
provide a vectored address for efficient interrupt subroutine handling and multi-
tasking functions.

The Z86K15 achieves low EMI by means of several modifications in the clock
circuitry and output drivers.

1.1 Z86K15 KEYBOARD CONTROLLER FEATURES

Table 1 lists the features of the Z86K15 Keyboard Controller.

TABLE 1. Z86K15 KEYBOARD CONTROLLER FEATURES

ROM 1I/O Speed
Device (KB) Lines (MHz) Pin Count/Package

Z86K15 4 32 3-5 40-Pin DIP, 44-Pin PLCC, Chip On Board

* 45Vto5.5V Operating Range

e (0°C to +70°C Operating Temperature Range

e 188 Bytes of RAM

e Low Power Consumption: 40 mW @ 5 MHz

* 5 Vectored, Priority Interrupts from 5 Different Sources

* Programmable 8-Bit Counter/Timer, with 6-Bit Programmable Prescaler
¢ Power-On Reset (POR) Timer, Hardware Watch-Dog Timer (WDT)
¢ Digital-Input CMOS Levels with Internal Pull-Up Resistors

* 4 Direct-Connect LED Drive Ports

* On-Chip RC Oscillator

* Low System EMI Emission

e ZB86E15 Emulation OTP
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ELECTRICAL CHARACTERISTICS

3 ELECTRICAL CHARACTERISTICS

3.1 ABSOLUTE MAXIMUM RATINGS

Table 5 provides Absolute Maximum Ratings for the Z86K15 Keyboard Controller.

TABLE 5. ABSOLUTE MIAXIMUM RATINGS

Symbol Description Min Max Units
Vee Supply Voltage* -0.3 +7.0 \
TsTg Storage Temp -65 +150 °C
Ia Operating Ambient Temperature 0 +105 °C

NoTE: *Voltage on all pins with respect to GND.

Stresses greater than those listed under Absolute Maximum Ratings may cause
permanent damage to the device. This rating is a stress rating only. Functional
operation of the device at any condition above those indicated in the operational
sections of these specifications is not implied. Exposure to absolute maximum rat-
ing conditions for an extended period may affect device reliability.

Total power dissipation should not exceed 1.21 W for the package. Power dissipa-
tion is calculated as follows:

Total Power Dissipation = Vpp x [Ipp — (sum of Igy),
+ sum of [(Vpp — Von) X lgnl
+ sum of (VOL X |o|_)

3.2 STANDARD TEST CONDITIONS

The characteristics listed here apply for standard test conditions as noted. All volt-
ages are referenced to GND. Positive current flows into the referenced pin (Figure 4).

FIGURE 4. TEST LOAD DIAGRAM

From Output
Under Test © ®

@IT =~ 150 pF
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3.3 CAPACITANCE

Tp = 25°C; Ve c = GND = 0 V; f = 1.0 MHz; unmeasured pins returned to GND
(see Table 6).

TABLE 6. CAPACITANCE

Parameter Max

Input Capacitance 12 pF
Output Capacitance 12 pF
I/0O Capacitance 12 pF

3.4 DC CHARACTERISTICS

Table 7 provides Direct Current characteristics for the Z86K15 Keyboard Controller.

TABLE 7. DC CHARACTERISTICS

Sym Parameter Min Max Unit Condition

Vey  Clock Input High Voltage 0.7 Vce Vee +0.3V V  Driven by External Clock
Generator

VeL  Clock Input Low Voltage GND -0.3 0.2 Ve V  Driven by External Clock
Generator

Viy  Input High Voltage 0.7 Vce Vee + 0.3 \%

V)L Input Low Voltage GND -0.3 0.2 Ve \'%

Von Output High Voltage Vee-0.4 V  lgg=-2.0mA

Voy Output High Voltage Ve - 0.6 V. lgy=-2.0mA’

VoL Output Low Voltage 4 V  lgr=4mA

VoL Output Low Voltage 8 VgL =4mA’

lo.  Output Low Current 10 20 mA Vg = Ve -2.2 V12

lo.  Output Leakage Current -1 1 MA V|y=0V,5.25V

lcc  Vce Supply Current 8 mA @ 5.0 MHz

lcc1  Halt Mode Current 3 mA @ 5.0 MHz

lcco  Stop Mode Current 60 A

Rp  Pull-Up Resistor 6.76 14.04 KQ

Rp  Pull-Up Resistor (P26-P27) 1.8 3 KQ

NoOTES:

1. Vgc=5.0V = 10% @ 0°C to + 70°C.
2. Ports P37-P34. These may be used for LEDs or as general-purpose outputs requiring high sink current.\

6 Z86K15 PS004301-PER0100
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Port 3 (P37-P30). Port 3 is an 8-bit, CMOS-compatible 4-fixed inpR8%—P30)
and 4-fixed outputR37-P34) 1/O port. Port 3 inputs feature 10K pull-up
resistors. Outputs are capable of directly driving LEDs. See Figure 8.

Port 3 is configured under software control to provide 4 external interrupt request
signals (IRQO-IRQ3).

FIGURE 8. PORT 3 CONFIGURATION

Z86K15

(a) Port 3 P34--P37

10.4 kQ
Output 0{ ':

PAD
/77
VCC
(b) Port 3 P30-P33 10.4 KQ
Input e ¢ PAD

10 Z86K15 PS004301-PER0100
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5 FUNCTIONAL DESCRIPTION

Program Memory. The 12-bit program counter addresses 4 KB of internal pro-
gram memory space (Figure 9).

The first 12 bytes of program memory are reserved for the interrupt vectors. These
locations provide six 16-bit vectors that correspond to the 5 available interrupts.

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

FIGURE 9. PROGRAM MEMORY MAP

65535
Reserved
4096
4095 FFFh
On-Chip
Location of ROM
First Byte of
Instruction \\\\\\\\ _____________
Executed 12 [~ och
After RESET
1 Reserved
10 Reserved
9 IRQ4
8 IRQ4
7 IRQ3
Interrupt
Vector \6 IRQ3
(Lower Byte)
Y 5 [ IRQ2
4 V> IRQ2
Interrupt _—|
Vector
(Upper Byte) 3 IRQ1
2 IRQ1
1 IRQO
0 IRQO
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Register File. The register file (Figure 10) consists of 4 1/O port registers, 188
general-purpose registers, and 11 control and status registers (R3—-R0, R191-R4,
and R255-R240, respectively). The instructions can access registers directly or
indirectly through an 8-bit address field. This access allows short, 4-bit register
addressing using the Register Pointer (Table 9). In the 4-bit mode, the register file
is divided into 13 working-register groups, each occupying 16 continuous loca-
tions. The Register Pointer addresses the starting location of the active working-
register group.

For the complete Register File Assignment, refer to Figure 10.

FIGURE 10. REGISTER FILE CONFIGURATION

LOCATION IDENTIFIERS
R255 Stack Pointer (Bits 7-0) SPL
R254 Reserved
R253 Register Pointer RP
R252 Program Control Flags FLAGS
R251 Interrupt Mask Register IMR
R250 Interrupt Request Register IRQ
R249 Interrupt Priority Register IPR
R248 Reserved
R247 Port 20P* P2P
R246 Port 2 DIR* P2D
R245 TO Prescaler PREQ
R244 Timer/Counter0 T0
R243 Reserved
R242 Reserved
R241 Timer Mode TMR
R240 Reserved

Not Implemented
R191
General-Purpose
Registers
R4
R3 Port 3 P3
R2 Port 2 P2
R1 Port 1 P1
RO Port 0 PO

Note: *Does not reset with a Stop-Mode Recovery.

12 Z86K15 PS004301-PER0100



FUNCTIONAL DESCRIPTION

RC Oscillator. The Z86K15 provides an internal capacitor to accommodate an
RC oscillator configuration. A 1% precision resistor is necessary to achieve £10%

accurate frequency oscillation. For a nominal 4-MHz signal, use a Da@&#{s-

tor.

RC. A precision resistor is connected between this pin and the power supply to

form the RC oscillator.

The Z86K15 also accepts an external clock from,(R@ith AGND connected

to V¢ (Figure 14).

FIGURE 14. RC OSCILLATOR CONFIGURATIONS

Vee

1% Precision, typically
7.68KQ 1%

GND —

RC\

CLKOUT

RC Oscillator
External Clock

RC\

Vee

—l__ AGND

External Clock
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FUNCTIONAL DESCRIPTION

Watch-Dog Timer. The Watch-Dog Timer (WDT) is automatically activated by
power-on when it is enabled in the Mask Option. The WDT is a retriggerable sin-
gle-shot timer that resets the Z8 if the Z8 reaches its terminal count. The WDT is
driven by the system clock. The WDT must be refreshed at least 1 time during
each WDT period by executing the WDT instruction. WDT can be enabled by
Mask Option (Figure 15).

WDT Hot Bit. Bit 7 of the Interrupt Request register (IRQ regisi&h) deter-

mines whether a hot start or cold start occurred. A cold start is defined as reset
occurring from power-up of the Z86K15 (the default upon power-up is 0). A hot
start occurs after a WDT time-out (bit 7 is set to 1). Bit 7 of the IRQ register is
read-only and is automatically reset to 0 when read.

Watch-Dog Timer Time-Out. The WDT time-out i294,912 = f.

WDT During HALT (D5-R250). This bit determines whether or not the WDT is
active during HALT mode. The defaultis 1, and a 1 indicates active during HALT.

FIGURE 15. WDT TURN-ON TIMING AFTER RESET

((

Vee 1)
Internal

Reset // \ [{

1)

<~—— POR —>|

CPU Operation

Note: *Reset Delay = POR 50 to 200 ms.

Power-On Reset (POR). A timer circuit is triggered by the system oscillator and

is used for the Power-On Reset (POR) timer function. The POR time allgws V
and the oscillator circuit to stabilize before instruction execution begins. The POR
period is defined as:

POR = 589,824

PS004301-PER0100 Z86K15 17



FUNCTIONAL DESCRIPTION

Cold or Warm Start (D6). This bit is set upon entering STOP mode. A 0 (cold)
indicates that the device is awakened by a POR/WDT RESET. A 1 (warm) indi-
cates that the device is awakened by a SMR source. This bit is reset when read.

A negative transition on the host data line or any of the designated row input pins
recover the Z86K15 from STOP mode. See Figure 16.

FIGURE 16. STOP-IMIODE RECOVERY SOURCE

To Internal
Stop-Mode Recovery

P20-P23, P26,
P30-P33

PS004301-PER0100
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CONTROL REGISTERS

TABLE 13. PRESCALER 0 REGISTER—R245 PREO (F5H: WRITE ONLY)

Bit D7 D6 D5 D4 D3 D2 D1 DO
R/W W w w W W w w W
Reset X X X X X X X X

NoTE: W = Write, X = Indeterminate.

Bit Bit Reset

Position Field R/W Value Description

D7-D2 Prescaler w X  Prescaler Modulo; range = 1-64
decimal, 01-40 hex

D1 Reserved w X  Reserved; must be 0

DO Count w X  COUNT Mode
0: TO Single Pass
1: TO Modulo N

TABLE 14. PORT 2 MoDE REGISTER—R246 P2D (F6H: WRITE ONLY)

Bit D7 D6 D5 D4 D3 D2 D1 DO
R/W W W W W W W
Reset 1 1 1 1 0 0 0 0
NoTe: W = Write.
Bit Bit Reset
Position Field R/W Value Description
D7-D4  P24-P27 w 1 P24-P27 1/O Definition
0: Defines bit as Output
1: Defines bit as Input
D3-D0 Reserved W 0 Reserved; must be 0

TABLE 15. PORT 2 OPEN DRAIN MODE REGISTER—R247 P2P (F7H: WRITE ONLY)

Bit D7 D6 Db D4 D3 D2 D1 DO
R/W W W W W W W W W
Reset 0 0 0 0 0 0 0 X

NoTE: W = Write, X = Indeterminate.

Bit Bit Reset

Position Field R/W Value Description

D7-D1 Reserved W 0 Reserved; must be 0

DO P24-P27 w 0: P24-P27 Open-Drain*

1: P24-P27 Push-Pull

NoTE: Must be open-drain to satisfy PS/2 operation.

PS004301-PER0100
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CONTROL REGISTERS

TABLE 16. INTERRUPT PRIORITY REGISTER—R249 IPR (F9H: WRITE ONLY)

Bit D7 D6 D5 D4 D3 D2 D1 DO
R/W w w w w w w w w
Reset X X X X X X X X

NoTe: W = Write, X = Indeterminate.

Bit Bit
Position Field

Reset
R/W Value Description

D7-D6 Reserved W

X

Reserved; must be 0

D5 Reserved W

X

Reserved

D4-Dg3,
DO

Interrupt w

X

Interrupt Group Priority
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

D2 IRQO, IRQ4 w

IRQO, IRQ4 Priority (Group C)
0: IRQ1 > IRQ4
1: IRQ4 > IRQ1

D1 IRQO, IRQ2 w

IRQO, IRQ2 Priority (Group B)
0: IRQ2 > IRQO
1: IRQO > IRQ2

22
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CONTROL REGISTERS

TABLE 17. INTERRUPT REQUEST REGISTER—R250 IRQ (FAH: READ/WRITE)

Bit D7 D6 D5 D4 D3 D2 D1 DO
R/W R RW RW RW RW RW RW RW
Reset 0 0 0 0 0 0 0 0

NoTE: R = Read, W = Write.

Bit Bit Reset
Position Field R/W Value Description
D7 WDT R 0 Watch-Dog Timer Hot Bit
0: POR*
1: WDT Time-out
D6 STOP R/W 0 Stop Flag
0: POR/WDT
1: Stop-Mode Recovery
D5 STOP R/W 0  Stop Delay
0: OFF*
1: ON

D4-DO0 IRQ4-IRQO0 R/W 0 IRQO = P32 Input
IRQ1 = P33 Input
IRQ2 = P31 Input
IRQ3 = P30 Input
IRQ4 =TO

NoTE: Upon Reset.

TABLE 18. INTERRUPT MASK REGISTER—R251 IMR (FBH: READ/WRITE)

Bit D7 D6 D5 D4 D3 D2 D1 DO
R/W RW RW R/W R/W R/W R'W RW R/W
Reset 0 X X 0 0 0 0 0

NoOTE: R = Read, W = Write, X = Indeterminate.

Bit Bit Reset
Position Field R/W Value Description
D7 Interrupt R/W 0 1: Enables Interrupts

D6-D5 Reserved R/W X Reserved; must be 0
D4-D0 IRQ4-IRQ0 R/W 0 1: Enables IRQ0-IRQ4; DO = IRQ0

PS004301-PER0100 Z86K15 23



CONTROL REGISTERS

TABLE 21. STACK POINTER—R255 (FFH: READ/WRITE)

Bit D7 D6 D5 D4 D3 D2 D1 DO
R/W R'W RW RW RW RW RW RW RW
Reset X X X X X X X X

NoOTE: R = Read, W = Write, X = Indeterminate.

Bit Bit Reset
Position Field R/W Value Description

D7-D0 SPO-SP7 R/W X  Stack Pointer

PS004301-PER0100 Z86K15 25
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9 DOCUMENT INFORMATION

9.1 DocCUMENT NUMBER DESCRIPTION

9.2 CHANGE LoG

The Document Control Number that appears in the footer of each page of this
document contains unique identifying attributes, as indicated in the following
table:

PS Product Specification

0043 Unique Document Number

01 Revision Number

PER Business Channel

0100 Month and Year Published

Rev Date Purpose By

01 01/00 Original issue J. Irwin

28
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CUSTOMER FEEDBACK FORM

Z86K15 KEYBOARD CONTROLLER PRODUCT SPECIFICATION

If you experience any problems while operating this product, or if you note any
inaccuracies while reading this Product Specification, please copy and complete
this form, then mail or fax it to ZILOG (sd®eturn Informationbelow). We also
welcome your suggestions!

CUSTOMER INFORMATION

Name Country
Company Phone
Address Fax
City/State/Zip E-Mail

PRODUCT INFORMATION

Serial # or Board Fab #/Rev. #
Software Version

Document Number

Host Computer Description/Type

RETURN INFORMATION

ZiILOG

System Test/Customer Support

910 E. Hamilton Avenue, Suite 110, MS 4-3
Campbell, CA 95008

Fax: (408) 558-8536

Email: tools@zilog.com

PROBLEM DESCRIPTION OR SUGGESTION

Provide a complete description of the problem or your suggestion. If you are
reporting a specific problem, include all steps leading up to the occurrence of the
problem. Attach additional pages as necessary.

PS004301-PER0100
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