% SINO WEALTH

SH6616

16K 4-Bit Microcontroller

Features

B SH6610C-based single-chip with LCD driver
W 4-bit parallel processing ALU compatible with SH6610C
B ROM: 24K X 16 bit (bank switched)
B RAM: 512 X 4 bit (system control register & data
memory)
B Operating voltage: 2.4V - 5.5V
m 8 CMOS I/O ports
B 4 level subroutine nesting including interrupts
B One 8-bit timer with pre-divider circuit
B Warm-up timer for power-on reset
B Powerful interrupt sources:
- TimerQ interrupt
- Base timer interrupt
- Port B interrupt (falling edge)
B Base timer clock: 32.768KHz X'tal oscillator.

General Description

B System clock: 2M - 500KHz single-pin voltage-controlled
oscillator

B Table Branch and Return Constant Instructions for
Table Data Generation

B Data pointer with special system register control

B Two low power operation modes: HALT or STOP

B [nstruction cycle time: 2uS for 2MHz voltage-controlled
oscillator

W Built-in 2-channel PSG for sound effects, switchable to
noise channel

B Directly driven speaker

B Type B LCD drive circuit, built-in voltage Pump

W LCD driver: 33 X 16 (1/16 duty cycle, 1/5 bias)
or 41 X 8 (1/8 duty cycle, 1/4 bias)

W LCD off by programming LCDOFF register

B Available in CHIP FORM

SH6616 is a single chip 4 bit uC dedicated chip for hand-held games. This device integrates a SH6610C 4-bit CPU core with
RAM, ROM, 8 bit timer, 2-channel PSG, dot matrix LCD driver and pump circuit.
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Block Diagram

SEGMENT DRIVER
T m—) SEG1 - 33
LCD RAM — RESET
—> TEST
eASETIVER RAM — osc
" — OSCXI
§ % — AOUT
Q — aoutT
24K * 16BIT
ROM
PORT m—) DORTA
ey [ e o
DL DLO le
Pad Description
Pad No. Designation /0 Shared by Description
14 -1,71-53 SEG1 - 33 (0] Segment signal output for LCD display
15-22 COM16 -9 (0] SEG41 - 34 Com/Seg signal output for LCD display
23-30 COMS -1 (0] Common signal output for LCD display
31 Vpp | Capacity between Vpp and Vcc is expected for Pump
32,33 DVO, DV1 (0] Capacity between DVO0 and DV1 is expected for Pump
34 -37 PB3 - PBO I/O PORT INT. Bit programmable I/O, Vector Interrupt (falling edge)
38 -41 PA3 - PAO (0] Output ports
43, 47 OP1, OPO | Bonding option
44 VbbD Power supply
42 OSClI | OSC input
48 GND Ground
49, 50 AOUT , AOUT o) Audio output
51 RESET | Reset input (Active low, Internal pull-high)
52 TEST | Test pin (Internal pull-high). No connection for the user
45, 46 OSCXI, OSCXO 1/0 32.768KHz X'tal OSC input, output
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Functional Description

1. CPU

The CPU core contains the following function blocks:
Program Counter, ALU, Carry Flag, Accumulator, Table
Branch Register (TBR), Data Pointer (INX, DPH, DPM and
DPL), and Stack.

1.1. PC (Program Counter)

The PC is used for ROM addressing consisting of 12-bits:
Page Register (PC11),

and Ripple Carry Counter (PC10 - PCO).

The program counter normally increases by one (+1) with
each execution of an instruction except in the following
cases:

(1) When executing a jump instruction (such as JMP, BAO,
BC);

(2) When executing a subroutine call instruction (CALL);

(3) When an interrupt occurs; and,

(4)When the chip is at INITIAL RESET. The program
counter is loaded with data corresponding to each
instruction. The unconditional jump instruction (JMP) can
set an 1-bit page register for higher than 2K.

Program Counter can only address a 4K program ROM. To

address 24K program ROM, use bank switch (Refer to the

ROM description in Section 3 for details).

1.2. ALU and CY

ALU performs arithmetic and logic operations.
The ALU provides the following functions:

2. RAM

RAM consists of general purpose data memory, LCD
RAM, and system registers.

2.1. RAM Addressing

Data memory and system register can be accessed in one
instruction by direct addressing.
Following is the memory allocation map:

$000 - $01F: System register and 1/0 (32 X 4 bits)
$020 - $1FF: Data Memory (480 X 4 bits)

$200 - $2FF: Reserved

$300 - $383: LCD RAM space (132 X 4 bits)
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Binary addition/subtraction

(ADC, SBC, ADD, SUB, ADI, SBI)

Decimal adjustment for addition/subtraction (DAA, DAS)
Logic operations (AND, EOR, OR, ANDI, EORI, ORI)
Decision (BAO, BA1, BA2, BA3, BAZ, BC)

The Carry Flag (CY) holds the arithmetic operation ALU
overflow.

During interrupt or call instruction, carry flag is pushed into
stack and restored from stack by RTNI. The carry flag is
unaffected by an RTNW instruction.

1.3. Accumulator

The accumulator is a 4-bit register holding the results of the
arithmetic logic unit. In conjunction with ALU, data transfers
between the accumulator and system registers, LCD RAM,
or data memory can be performed.

1.4. Stack

A group of registers are used to save the contents of CY &
PC (10-0) sequentially with each subroutine call or interrupt.
It is organized as 13 bits x 4 levels. The MSB is saved for
CY. 4 levels are the maximum allowed for subroutine calls
and interrupts.

The contents of Stack are returned sequentially to the PC
with the return instructions (RTNI/RTNW). Stack is operated
on a first-in, last-out basis. This 4-level nesting includes both
subroutine calls and interrupt requests. Note that program
execution may enter an abnormal state if the number of calls
and interrupt requests exceeds 4, and the bottom of stack
will be shifted out.

2.2, Data Memory

Data memory is organized as 480 X 4 bits ($020 - $1FF).
Because of its static nature, the RAM can retain data after
the CPU enters STOP or HALT.
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2.3. System Registers

The configuration of system registers is as follows:
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Address| Bit3 Bit 2 Bit 1 Bit 0 Reset | R/IW Remarks

$00 IEBT IETO - IEP 00 R/W Interrupt enable flags
$01 IRQBT | IRQTO - IRQP 00 R/W Interrupt request flags
$02 - TMO0.2 TMO.1 TMO0.0 00 R/W | TimerO mode register (TMO)
$03 | HVL | BTM2 | BTMA | BTMO | o0 | Rw | A& ﬁrvr‘g‘r’%igzergé?;zri?g}%avy load mode
$04 TL.3 TL.2 TL.1 TL.O - R/W Timer0 load/counter register low digit
$05 TH.3 TH.2 TH.A TH.0 - R/W Timer0 load/counter register high digit
$06 BTL.3 BTL.2 BTL.1 BTL.O - R/W | Base timer load/counter register low digit
$07 BTH.3 BTH.2 BTH.1 BTH.O - R/W Base timer load/counter register high digit
$08 PA.3 PA.2 PA.1 PA.O 00 w PORTA
$09 PB.3 PB.2 PB.1 PB.0 OF RW | PORTB
$0A - - - - - -
$0B - - - - - -
$ocC - - OP1 OPO 01 R Bonding option
$0D - - - - - - Reserved
$0E TBR.3 TBR.2 TBR.1 TBR.O - R/W | Table branch register (TBR)
$OF INX.3 INX.2 INX.1 INX.0 - R/W Pseudo Index register (INX)
$10 DPL.3 DPL.2 DPL.1 DPL.O - R/W Data Pointer for INX low nibble
$11 - DPM.2 DPM.1 DPM.O - R/W | Data Pointer for INX middle nibble
$12 - DPH.2 DPH.1 DPH.0 - R/W | Data Pointer for INX high nibble
$13 C1.3 C1.2 C1.1 C1.0 00 w PSG Channel 1 low digit
$14 C1M C1.6 C1.5 C14 00 W PSG Channel 1 high digit
$15 Cc2.3 C2.2 C21 Cc2.0 00 w PSG Channel 2 low digit
$16 c2.7 C2.6 C25 c24 00 w PSG Channel 2
$17 C2.1 C2.10. Cc29 Cc2.8 00 w PSG Channel 2
$18 C2M C2.14 C2.13 C2.12 00 w PSG Channel 2 high digit

Bit 0: PSG Channel 1 enable
$19 VOL1 VOLO CH2EN | CH1EN 00 w Bit 1: PSG Channel 2 enable

Bit 2, Bit 3: Volume Control (Initially 0, no sound)
$1A - - P1.1 P1.0 00 w PSG 1 Prescaler
$1B - - P2.1 P2.0 00 w PSG 2 Prescaler
$1C - - - LCD 00 R/W Bit 0: LCD Power Control.

OFF 0 set LCD on, 1 set LCD off.

$1D - - - - - Reserved for ICE

LCD Mode Control:

Bit 0: LCD bias current control bit 0
$1E | COMSE VDE LCDI1 LCDIO 00 R/W | Bit 1: LCD bias current control bit 1

Bit 2: Voltage Pump enable (Initially 0, disable VDE)

Bit 3: 0 set 8 COM (Initially 0), 1 set 16 COM
$1F BNK3 BNK2 BNK1 BNKO 00 R/W | Bank Register for ROM (BNK)

4
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System Register 0CH

OP1=0 OPO = 1

OP1

GND

%O

OP1=0 OP0O=0

OP1=1 OPO =1

GND
P1
VbD R 0

PCB

OP1=1 OP0=0

SH6616 Bonding Option

Address Bit 3 Bit 2 Bit 1 Bit 0 RIW Remarks Power-on
} ) Bit0: Bonding option 0, internal weak drive Pull high
$ocH OP1 OPO0 R Bit1: Bonding option 1, internal weak drive Pull low
X X 1 0 OPO bond to GND and OP1 bond to Vbb
X X 0 0 OPO bond to GND
X X 1 1 OP1 bond to Vbb
X X 0 1 Yes
GND GN\D
Vp\D OP1 o VbD @1 oP
PCB

Up to 4 different bonding options are possible for the user's needs. The chip's program has 4 different program flows that will
vary depending on which bonding option is used. The readable contents of OP1 and OPO0 will differ depending on bonding.

2.4. Data Pointer

Data memory can be indirectly addressed by the Data Pointer. The pointer address is located in register DPH (3-bits), DPM
(3-bits) and DPL (4-bits). Pseudo index address (INX) is used to read or write Data memory, then RAM address bit9-bit0
originates from DPH, DPM and DPL.
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3. ROM

SH6616 can address up to 24K X 16 bit words of program area from $000 to $5FFF.
ROM SPACE in the system is 24576 X 16 bits.

3.1. Interrupt Vector Address Area ($000 to $004)

The program is sequentially executed. An area from address $000 through $004 is reserved for special interrupt service
routines when starting execution of a vector address.

Address Instruction Function
$000 JMP Jump to RESET
$001 JMP Jump to Base Timer
$002 JMP Jump to TIMERO
$003 Reserved
$004 JMP Jump to PORTB

* JMP can be replaced by any other instruction.
3.2. Table Data Reference

Table Data can be stored in program memory and can be referenced by using Table Branch (TJMP) and Return Constant
(RTNW) instructions. The Table Branch Register (TBR) and Accumulator (AC) are placed by an offset address in program
ROM. TJMP instruction branch is placed into address ((PC11 - PC8) X (28) + (TBR, AC)). The address is determined by RTNW
to return look-up value into (TBR, AC). ROM code bit7-bit4 is placed into TBR and bit3-bit0 into AC.

3.3. Bank Switch Mapping

Program Counter (PC11 - PCO0) can only address 4K of ROM space. The bank switch technique is used to extend the CPU
address space. The lower 2K of the CPU addressing space maps to lower 2K of ROM space (BANKO). The upper 2K of the
CPU addressing space maps to one of the eleven banks (BANK O, 1, 2, 3, 4, 5, 6, 7, 8, 9, A) of the upper 22K of ROM.
(according to the Bank Register)

The bank switch mapping is as follows:
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CPU ROM Space, | ROM Space, | ROM Space, | ROM Space, | ROM Space, | ROM Space, | ROM Space,
Address $1FH=0 $1FH =1 $1FH =2 $1FH=3 $1FH =4 $1FH =5 $1FH =6
000 - 7FF | 0000 - O7FF | 0000 -07FF | 0000 -07FF | 0000 -07FF | 0000 -0Q7FF | 0000 -07FF | 0000 - O7FF

(BANK 0) (BANK 0) (BANK 0) (BANK 0) (BANK 0) (BANK 0) (BANK 0)
800 -FFF | 0800 -0FFF | 1000 -17FF | 1800 -1FFF | 2000 -27FF | 2800 -2FFF | 3000 -37FF | 3800 -3FFF
(BANK 1) (BANK 2) (BANK 3) (BANK 4) (BANK 5) (BANK 6) (BANK 7)
CPU ROM Space, | ROM Space, | ROM Space, | ROM Space,
Address $1FH=7 $1FH =8 $1FH=9 $1FH=A
000 - 7FF | 0000 - O7FF | 0000 -07FF | 0000 -07FF | 0000 - O7FF
(BANK 0) (BANK 0) (BANK 0) (BANK 0)
800 -FFF [ 4000 -47FF | 4800 -4FFF | 5000 -57FF | 5800 - 5FFF
(BANK 8) (BANK 9) (BANK 10) (BANK 11)
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4. Timer

SH6616 has one 8-bit timer for counting up, consisting of an
8-bit counter and an 8-bit pre-loaded register. Additionally,
the other base timer provides real time clock function for
time-keeper.

Timer0 provides the following functions:
- Programmable interval timer
- Read counter value

4.1. Timer0 Configuration and Operation:

Timer-0 is an 8-bit write-only timer load register (TLOL,
TLOH), and an 8-bit read-only timer counter (TCOL, TCOH).
Each consists of low order digits and high order digits. Timer
counter is initialized by writing data into the timer load
register (TLOL, TLOH).

First write the low-order digit, then the high-order digit. The
timer counter is automatically loaded with the contents of the
loaded register when the high order digit is written or count
overflows occurs. Timer overflow will result in an interrupt if
the interrupt enable flag is set.

The timer can be programmed in several different clock
sources by setting Timer Mode Register (TMO).

4.2. Timer0 Mode Register:

Timer Mode Registers (TMQ) are 4-bit registers used for
timer control as shown in Table 1. Mode Register selects
input pulse sources for the timer.

Table 1. Timer0 Mode Registers ($02)

Table 2. The heavy load register, HVL, is used to switch
32.768KHz X'tal oscillator into heavy load mode that makes
the oscillation easier in the startup period but requires more
current.

Table 2. Base Timer Mode Registers ($03)

TMO0.2 | TMO0.1 | TMO0.0 Plsii(i:::eer SC:z:::e
Ratio
0 0 0 2" System clock
0 0 1 /2° System clock
0 1 0 /27 System clock
0 1 1 2% System clock
1 0 0 /28 System clock
1 0 1 /22 System clock
1 1 0 /21 System clock
1 1 1 2° System clock

4.3. Base timer Configuration and Operation:

The base timer generates the different frequency interrupt
for real time clock based on the value of BTM, as shown in
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BTM.2 | BTM.1 | BTM.0 | 'nterrupt Clock
Period Source
0 0 0 Stop (default) 32K Hz
0 0 1 0.5Hz 32K Hz
0 1 0 1Hz 32K Hz
0 1 1 2 Hz 32K Hz
1 0 0 4 Hz 32K Hz
1 0 1 8 Hz 32K Hz
1 1 0 16 Hz 32K Hz
1 1 1 32 Hz 32K Hz
Base Timer Use (for reference purposes)
Initial
BTM = 0 (stop)
HVL = 0 (disable)
v
HVL = 1 (enable)
v
BTM =001 (0.5 Hz)
BTH, BTL=0
Warm Up X
BTM Interrupt?
No
Yes Warm Up Done

A 4
HVL = 0 (reduce current)

v
BTM=1,2... Hz

To achieve the above interrupt periods, the system register
$06 and $07, BTL and BTH, must be set to 00H for both.
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5. 1/0 Ports

5.1. Functional Description

- CMOS type output port
- PMQOS as pull-up for input on Port B

- Output low initially for Port A
- Output high initially for Port B
- Operates same as data memory for arithmetic and logic instructions

5.2. Circuit Diagrams (PORTA and PORTB)

Voo

]

Weak Driving, Pull-up resistor - 20K Q

Latch

Q BUS Q
R S
L RESET L RESET
Il: D
5.3. Programming
- 1/0O ports can be accessed with the read/write system register.
- Memory-mapped addresses are listed as follows:
Address Bit 3 Bit 2 Bit 1 Bit 0 R/W Remarks
$08 PA.3 PA.2 PA.1 PA.O w PORTA
$09 PB.3 PB.2 PB.1 PB.0 R/W PORTB
$0A - - - - - Reserved
$oB - - - - - Reserved
$ocC - - OP1 OPO R Optional Register

- Before reading PORTB 1/O bits, the user needs to output "1" to the same bit.
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6. Programmable Sound Generator (PSG)

2-Channel PSG is provided. Channel 1 is a 7-bit pseudo random counter. Channel 2 is a 15-bit pseudo random counter. Mode bits
C1M, C2M determine which of the two counters will be a noise or a tone generator. To reduce power consumption, disable the

sound effect generator during both STOP and HALT.

Channel 2 TONE mode is same as Channel 1. (15-bit pseudo-random counter). This eliminates some programming codes.

Address Bit 3 Bit 2 Bit 1 Bit 0 R/W Remarks
$13 C1.3 C1.2 C1.1 C1.0 w PSG Channel 1 low digit
$14 C1M C1.6 C1.5 C1.4 w PSG Channel 1 high digit
$15 Cc23 C2.2 C2.1 C2.0 w PSG Channel 2 low digit
$16 c27 C2.6 C2.5 C2.4 w PSG Channel 2
$17 C2.11 C2.10. Cc2.9 c2.8 w PSG Channel 2
$18 C2M C2.14 C2.13 C2.12 w PSG Channel 2 high digit
Bit 0: PSG Channel 1 enable
Bit 1: PSG Channel 2 enable
$19 VoL VOLO | CH2EN | CHIEN | W Bit 2, Bit 3: Volume Control
(Initially 0, no sound)
$1A - - P1.1 P1.0 w PSG 1 Prescaler
$1B - - P2.1 P2.0 w PSG 2 Prescaler
P.1 P.0 Prescaler Divide Ratio Clock Source Actual Clock
0 0 1 System Clock 32 KHz
0 1 2 System Clock 16 KHz
1 0 4 System Clock 8 KHz
1 1 8 System Clock 4 KHz
PSG subblock diagram
PSG-CLK
1/64 SELECTOR
32KHz
RC_0OSC 1/128 TONE
(2MHz) 16KHz N
PSG-CLK J L
L L— e L
8KHz
1/512 AKHz
P.0 (1AH, 1BH) P.1(1AH, 1BH)
9
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PSG clock can be selected by changing register $1AH and $1BH, as PSG-CLK is selected, the only way to achieve various tones
is by changing the value of N. The value of N is created by a group of counters (LSFR). When different initial data is written to these
counters, different N is created.

The value of N is corresponding to the REG C1.6 - 1.0 or REG C2.14 - 2.8 as shown in the following table

LSFR LSFR LSFR LSFR

(C1.6 ~ C1.0) N (C1.6 ~ C1.0) N (C1.6 ~ C1.0) N (C1.6 ~ C1.0) N

(C2.14 ~ C2.8) (C2.14 ~ C2.8) (C2.14 ~ C2.8) (C2.14 ~ C2.8)
01 127 16 95 12 63 4B 31
02 126 2C 94 24 62 17 30
04 125 59 93 49 61 2E 29
08 124 33 92 13 60 5D 28
10 123 67 91 26 59 3B 27
20 122 4E 90 4D 58 77 26
41 121 1D 89 1B 57 6E 25
03 120 3A 88 36 56 5C 24
06 119 75 87 6D 55 39 23
oc 118 6A 86 5A 54 73 22
18 117 54 85 35 53 66 21
30 116 29 84 6B 52 4C 20
61 115 53 83 56 51 19 19
42 114 27 82 2D 50 32 18
05 113 4F 81 5B 49 65 17
0A 112 1F 80 37 48 4A 16
14 111 3E 79 6F 47 15 15
28 110 7D 78 5E 46 2A 14
51 109 7A 77 3D 45 55 13
23 108 74 76 7B 44 2B 12
47 107 68 75 76 43 57 11
OF 106 50 74 6C 42 2F 10
1E 105 21 73 58 41 5F 9
3C 104 43 72 31 40 3F 8
19 103 07 71 63 39 7F 7
72 102 OE 70 46 38 7E 6
64 101 1C 69 0D 37 7C 5
48 100 38 68 1A 36 78 4
11 99 71 67 34 35 70 3
22 98 62 66 69 34 60 2
45 97 44 65 52 33 40 1
0B 96 09 64 25 32

10
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Application Example:

A user uses 2MHz RC clock (RC OSC), and he wants to create a tone ‘C3’ whose frequency is 130.81Hz.

If the user writes 00H to P.1 and P.0, then the PSG-CLK is 2M/64 = 32KHz, the value of N is 32K/2/130.81 = 122.3, look up 122 in
the table, the corresponding initial data of LSFR is 20H.

If the user writes 01H to P.1 and P.0, then the PSG-CLK is 2M/128 = 16KHz, the value of N is 16K/2/130.81 = 61.2, the initial data
is 49H

If the user writes 10H to P.1 and P.0, then the PSG-CLK is 2M/256 = 8KHz, the value of N is 8K/2/130.81 = 31, the initial data is
4BH.

If the user writes 11H to P.1 and P.0, then the PSG-CLK is 2M/512 = 4KHz, the value of N is 4K/2/130.81 = 16, the initial data is
4AH.

When the tone frequency is too low, the wanted value of N maybe greater than 127, the counter cannot create this value, the best
solution is to select low PSG-CLK. For example, the frequency of tone ‘C1’ is 32.7Hz, if the PSG-CLK is greater than 8KHz, the
wanted N is greater than 127, but the 4khz PSG-CLK can create this tone.

According to this illustration, the user can make music tables. If the user selects RC OSC as 2MHz, the music table is provided as
following.

Music Table 1:
Following is the music scale reference table for Channel 1 (or Channel 2) under Actual Clock = 32KHz.

LSFR LSFR
Note | 2 | N [(c16~c1.0)| ¥ | Errores | Note | 9% | N | c16~c1.0)| " |Errorw
freq. (C2.14 ~ c2.8)| frea: freq. (C2.14~ c2.)| frea.
c3 | 130.81 | 122 20 131.15| 0.26% | G4 | 392.0 | 41 58 390.24 | -0.44%
c3# | 138.59 | 115 61 13913 | 0.39% | G4# |415.30 | 39 63 410.26 | -1.21%
D3 | 146.83 | 109 51 146.79 | -0.03% | A4 | 4400 | 36 1A 444.44 | 1.01%
D3# | 155.56 | 103 19 155.34 | -0.14% | Ad# | 466.16 | 34 69 470.59 | 0.95%
E3 | 164.81 | 97 45 164.95| 0.08% | B4 | 4939 | 32 25 500.00 | 1.24%
F3 | 174.61 | 92 33 173.91| -040% | €5 | 5232 | 31 4B 516.13 | -1.36%
F3# | 185.00 | 86 6A 186.05| 0.57% | C5# |554.37 | 29 2E 551.72 | -0.48%
G3 | 195.99 | 82 27 195.12 | -0.44% | D5 | 587.3 | 27 3B 592.59 | 0.90%
G3# | 207.65| 77 7A 207.79| 0.07% | D5# |622.25 | 26 77 615.38 | -1.10%
A3 | 22000 | 73 21 219.18| -0.37% | E5 | 659.2 | 24 5C 666.67 | 1.13%
A3# | 233.08 | 69 1C 231.88| -051% | F5 | 698.4 | 23 39 695.65 | -0.40%
B3 | 246.94 | 65 44 246.15| -0.32% | F5# |739.99 | 22 73 727.27 | 1.72%
c4 | 26162 | 61 49 262.30| 0.26% | G5 | 784.0 | 20 4C 800.00 | 2.04%
ca# |277.18 | 58 4D 275.86 | -0.48% | G5# |830.61 | 19 19 842.11 | 1.38%
D4 | 293.66 | 54 5A 296.30 | 0.90% | A5 | 880.0 | 18 32 888.89 | 1.01%
Da# | 311.13 | 51 56 313.73 | 0.84% | A5# | 932.33 | 17 65 941.18 | 0.95%
E4 |32062 | 49 58 326.53 | -0.94% | B5 | 987.7 | 16 4A 1000.00 | 1.24%
F4 | 34922 | 46 5E 347.83 | -0.40% | C6 | 10465 | 15 15 1066.67 | 1.93%
F4# | 360.99 | 43 76 372.09| 0.57% | Cé# |1108.73| 14 2A 1142.86 | 3.08%
11
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Music Table 2:
Following is the music scale reference table for Channel 1 (or Channel 2) under Actual Clock = 16KHz.
vote | % | | e16-c10)| R |erors| noto | 9 | N | @152 c10 | " |erors,
freq. (C2.14~c2.8)| frea. freq. (C2.14~c2.8)| frea.
Cc2 65.41 | 122 20 65.57 | 0.26% G3 195.99 | 41 58 195.12 | -0.44%
C2# 69.30 | 115 61 69.57 | 0.39% | G3# | 207.65 | 39 63 205.13 | -1.21%
D2 73.41 | 109 51 73.39 | -0.03% A3 220.00 | 36 1A 222.22 | 1.01%
D2# 77.78 | 103 19 77.67 | -0.14% | A3# | 233.08 | 34 69 235.29 | 0.95%
E2 82.41 | 97 45 82.47 | 0.08% B3 246.94 | 32 25 250.00 | 1.24%
F2 87.31 | 92 33 86.96 | -0.40% C4 261.62 | 31 4B 258.06 | -1.36%
F2# 92.50 | 86 6A 93.02 | 0.57% | C4# | 261.63 | 29 2E 275.86 | -0.48%
G2 98.00 | 82 27 97.56 | -0.44% D4 293.66 | 27 3B 296.30 | 0.90%
G2# | 103.83 | 77 7A 103.90 | 0.07% D4# | 311.13 | 26 77 307.69 | -1.10%
A2 110.00 | 73 21 109.59 | -0.37% E4 329.62 | 24 5C 333.33 | 1.13%
A2# | 116.54 | 69 1C 115.94 | -0.51% F4 349.22 | 23 39 347.83 | -0.40%
B2 123.47 | 65 44 123.08 | -0.32% | F4# | 369.99 | 22 73 363.64 | -1.72%
C3 130.81 | 61 49 131.15 | 0.26% G4 391.99 | 20 4C 400.00 | 2.04%
C3# | 138.59 | 58 4D 137.93 | -0.48% | G4# | 41530 | 19 19 421.05 | 1.38%
D3 146.83 | 54 5A 148.15 | 0.90% A4 439.99 | 18 32 44444 | 1.01%
D3# | 155.56 | 51 56 156.86 | 0.84% | A4# | 466.16 | 17 65 470.59 | 0.95%
E3 164.81 | 49 5B 163.27 | -0.94% B4 493.87 | 16 4A 500.00 | 1.24%
F3 174.61 | 46 5E 173.91 | -0.40% C5 523.24 | 15 15 533.33 | 1.93%
F3# | 185.00 | 43 76 186.05 | 0.57% | CS5# | 554.37 | 14 2A 571.43 | 3.08%
12
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Music Table 3:
Following is the music scale reference table for Channel 1 (or Channel 2) under Actual Clock = 8KHz.
voto | % |\ | e16-c10)| B |enornlvote | 9 | N @152 010 | " |erors,
freq. (C2.14~c2.8)| frea. freq. (C2.14~c2.8)| frea.
c1 32.70 | 122 20 32.79 | 0.26% G2 98.00 | 41 58 97.56 | -0.44%
C1# 34.64 | 115 61 3478 | 0.39% | G2# | 103.83 | 39 63 102.56 | -1.21%
D1 36.71 | 109 51 36.70 | -0.03% A2 110.00 | 36 1A 111.11 | 1.01%
D1# 38.89 | 103 19 38.83 |-0.14% | A2# | 116.54 | 34 69 117.65 | 0.95%
E1 4120 | 97 45 41.24 | 0.08% B2 123.47 | 32 25 125.00 | 1.24%
F1 4365 | 92 33 43.48 | -0.40% C3 130.81 | 31 4B 129.03 | -1.36%
F1# 46.25 | 86 6A 46.51 | 0.57% | C3# | 138.59 | 29 2E 137.93 | -0.48%
G1 49.00 | 82 27 48.78 | -0.44% D3 146.83 | 27 3B 148.15 | 0.90%
G1# 51.91 | 77 7A 51.95 | 0.07% D3# | 155.56 | 26 77 153.85 | -1.10%
A1 55.00 | 73 21 54.79 | -0.37% E3 164.81 | 24 5C 166.67 | 1.13%
Al# 58.27 | 69 1C 57.97 | -0.51% F3 17461 | 23 39 173.91 | -0.40%
B1 61.73 | 65 44 61.54 | -0.32% | F3# | 185.00 | 22 73 181.82 | -1.72%
Cc2 65.41 | 61 49 65.57 | 0.26% G3 195.99 | 20 4C 200.00 | 2.04%
C2# 69.30 | 58 4D 68.96 |-0.48% | G3# | 207.65| 19 19 210.53 | 1.38%
D2 73.41 | 54 5A 74.07 | 0.90% A3 220.00 | 18 32 222.22 | 1.01%
D2# 77.78 | 51 56 78.43 | 0.84% | A3# | 233.08 | 17 65 235.29 | 0.95%
E2 82.41 | 49 5B 81.63 | -0.94% B3 246.94 | 16 4A 250.00 | 1.24%
F2 87.31 | 46 5E 86.96 | -0.40% C4 261.62 | 15 15 266.67 | 1.93%
F2# 92.50 | 43 76 93.03 | 0.57% | C4# | 27718 | 14 2A 285.71 | 3.08%
13
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Music Table 4:
Following is the music scale reference table for Channel 1 (or Channel 2) under Actual Clock = 4KHz.
vote | % |\ | e16-c10)| R |emors| note | 9 | N @152 10| % |Errors,
freq. (C2.14~c2.8)| frea. freq. (C2.14~c2.8)| frea.
co 16.35 | 122 20 16.39 | 0.26% G1 49.00 | 41 58 48.78 | -0.44%
co# 17.32 | 115 61 17.39 | 0.39% | G1# 51.91 | 39 63 51.28 | -1.21%
DO 18.35 | 109 51 18.35 | -0.03% A1 55.00 | 36 1A 55.56 | 1.01%
Do# 19.44 | 103 19 19.42 | -0.14% | A1# 58.27 | 34 69 58.82 | 0.95%
EO 20.60 | 97 45 20.62 | 0.08% B1 61.73 | 32 25 62.50 | 1.24%
FO 21.83 | 92 33 21.74 | -0.40% C2 65.41 | 31 4B 64.52 | -1.36%
FO# 23.13 | 86 6A 23.26 | 0.57% | C2# 69.30 | 29 2E 68.97 | -0.48%
GO 24.50 | 82 27 24.39 | -0.44% D2 73.41 | 27 3B 74.07 | 0.90%
GO# 2596 | 77 7A 2597 | 0.07% D2# 77.78 | 26 77 76.92 | -1.10%
A0 27.50 | 73 21 27.40 | -0.37% E2 82.41 | 24 5C 83.33 | 1.13%
AO# 29.14 | 69 1C 28.99 | -0.51% F2 87.31 | 23 39 86.96 | -0.40%
BO 30.87 | 65 44 30.77 | -0.32% | F2# 9250 | 22 73 90.91 | -1.72%
c1 32.70 | 61 49 32.79 | 0.26% G2 98.00 | 20 4C 100.00 | 2.04%
C1# 34.64 | 58 4D 3448 | -0.48% | G2# | 103.83 | 19 19 105.26 | 1.38%
D1 36.71 | 54 5A 37.04 | 0.90% A2 110.00 | 18 32 111.11 | 1.01%
D1# 38.89 | 51 56 39.22 | 0.84% | A2# | 116.54 | 17 65 117.65 | 0.95%
E1 41.20 | 49 5B 40.82 | -0.94% B2 123.47 | 16 4A 125.00 | 1.24%
F1 43.65 | 46 5E 43.48 | -0.40% C3 130.81 | 15 15 133.33 | 1.93%
F1# 46.25 | 43 76 46.51 | 0.57% | C3# | 138.59 | 14 2A 142.86 | 3.08%
14
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7.LCD

The LCD has 16 common signal pads and 33 segment driver pads, a controller, LCD voltage generator. The controller consists of
display data RAM and a duty generator. The LCD data RAM is a dual port RAM that automatically transfers data to segment. The
LCD can be turned off with the internal LCDOFF register.

LCD frame frequency is controlled by 32.768KHz clock. Therefore, the 32.768KHz clock must be enabled before the LCD is turned
on. To save power, the main clock can be stopped and the 32.768KHz clock enabled to keep LCD on.

After osc32k is steady, setting VDE can enable the Voltage Pump circuit. LCD voltage is pumped to 4.5V if pump is enabled and
Vppis 3.0V.

The LCD has two modes, 1/16 duty and 1/8 duty

Table 1. LCD Mode Control Register $1EH:

$1EH.BIT3 0 set 8 duty (initially 0), 1 set 16 duty
$1EH.BIT2 Voltage pump enable (initially 0, disable pump)
$1EH.BIT1 LCD bias current control bit1 (initially 0)
$1EH.BITO LCD bias current control bitO (initially 0)

Table 2. LCDI1 and LCDIO control the LCD driving current.

LCDI1 LCDIO LCD Bias Current
0 0 Minimum (Default)
0 1
1 0
1 1 Maximum
15
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7.1.1/16 duty (16 com X 33 seg )

7.1.1. LCD RAM Area Configuration for 1/16 duty:

Downloaded from Elcodis.com electronic components distributor

Duty COoM4 comM3 COM2 COoM1
Address Bit3 Bit2 Bit1 Bit0

$300 SEG1 SEGH1 SEG1 SEG1

$301 SEG2 SEG2 SEG2 SEG2
$302 SEG3 SEG3 SEG3 SEG3
$303 SEG4 SEG4 SEG4 SEG4
$304 SEG5 SEG5 SEG5 SEG5
$305 SEG6 SEG6 SEG6 SEG6
$306 SEG7 SEG7 SEG7 SEG7
$307 SEG8 SEG8 SEG8 SEG8
$308 SEG9 SEG9 SEG9 SEG9
$309 SEG10 SEG10 SEG10 SEG10
$30A SEG11 SEG11 SEG11 SEG11
$30B SEG12 SEG12 SEG12 SEG12
$30C SEG13 SEG13 SEG13 SEG13
$30D SEG14 SEG14 SEG14 SEG14
$30E SEG15 SEG15 SEG15 SEG15
$30F SEG16 SEG16 SEG16 SEG16
$310 SEG17 SEG17 SEG17 SEG17
$311 SEG18 SEG18 SEG18 SEG18
$312 SEG19 SEG19 SEG19 SEG19
$313 SEG20 SEG20 SEG20 SEG20
$314 SEG21 SEG21 SEG21 SEG21
$315 SEG22 SEG22 SEG22 SEG22
$316 SEG23 SEG23 SEG23 SEG23
$317 SEG24 SEG24 SEG24 SEG24
$318 SEG25 SEG25 SEG25 SEG25
$319 SEG26 SEG26 SEG26 SEG26
$31A SEG27 SEG27 SEG27 SEG27
$31B SEG28 SEG28 SEG28 SEG28
$31C SEG29 SEG29 SEG29 SEG29
$31D SEG30 SEG30 SEG30 SEG30
$31E SEG31 SEG31 SEG31 SEG31
$31F SEG32 SEG32 SEG32 SEG32
$380 SEG33 SEG33 SEG33 SEG33
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LCD RAM Area Configuration (continued):
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Duty coms com7 COoM6 COM5
Address Bit 3 Bit 2 Bit 1 Bit 0
$320 SEG1 SEG1 SEG1 SEG1
$321 SEG2 SEG2 SEG2 SEG2
$322 SEG3 SEG3 SEG3 SEG3
$323 SEG4 SEG4 SEG4 SEG4
$324 SEG5 SEG5 SEG5 SEG5
$325 SEG6 SEG6 SEG6 SEG6
$326 SEG7 SEG7 SEG7 SEG7
$327 SEG8 SEG8 SEG8 SEG8
$328 SEG9 SEG9 SEG9 SEG9
$329 SEG10 SEG10 SEG10 SEG10
$32A SEG11 SEG11 SEG11 SEG11
$32B SEG12 SEG12 SEG12 SEG12
$32C SEG13 SEG13 SEG13 SEG13
$32D SEG14 SEG14 SEG14 SEG14
$32E SEG15 SEG15 SEG15 SEG15
$32F SEG16 SEG16 SEG16 SEG16
$330 SEG17 SEG17 SEG17 SEG17
$331 SEG18 SEG18 SEG18 SEG18
$332 SEG19 SEG19 SEG19 SEG19
$333 SEG20 SEG20 SEG20 SEG20
$334 SEG21 SEG21 SEG21 SEG21
$335 SEG22 SEG22 SEG22 SEG22
$336 SEG23 SEG23 SEG23 SEG23
$337 SEG24 SEG24 SEG24 SEG24
$338 SEG25 SEG25 SEG25 SEG25
$339 SEG26 SEG26 SEG26 SEG26
$33A SEG27 SEG27 SEG27 SEG27
$33B SEG28 SEG28 SEG28 SEG28
$33C SEG29 SEG29 SEG29 SEG29
$33D SEG30 SEG30 SEG30 SEG30
$33E SEG31 SEG31 SEG31 SEG31
$33F SEG32 SEG32 SEG32 SEG32
$381 SEG33 SEG33 SEG33 SEG33
17
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LCD RAM Area Configuration (continued):
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Duty COM12 com11 COM10 comM9
Address Bit3 Bit2 Bit1 Bit0
$340 SEG1 SEG1 SEG1 SEG1
$341 SEG2 SEG2 SEG2 SEG2
$342 SEG3 SEG3 SEG3 SEG3
$343 SEG4 SEG4 SEG4 SEG4
$344 SEG5 SEG5 SEG5 SEG5
$345 SEG6 SEG6 SEG6 SEG6
$346 SEG7 SEG7 SEG7 SEG7
$347 SEG8 SEG8 SEG8 SEG8
$348 SEG9 SEG9 SEG9 SEG9
$349 SEG10 SEG10 SEG10 SEG10
$34A SEG11 SEG11 SEG11 SEG11
$34B SEG12 SEG12 SEG12 SEG12
$34C SEG13 SEG13 SEG13 SEG13
$34D SEG14 SEG14 SEG14 SEG14
$34E SEG15 SEG15 SEG15 SEG15
$34F SEG16 SEG16 SEG16 SEG16
$350 SEG17 SEG17 SEG17 SEG17
$351 SEG18 SEG18 SEG18 SEG18
$352 SEG19 SEG19 SEG19 SEG19
$353 SEG20 SEG20 SEG20 SEG20
$354 SEG21 SEG21 SEG21 SEG21
$355 SEG22 SEG22 SEG22 SEG22
$356 SEG23 SEG23 SEG23 SEG23
$357 SEG24 SEG24 SEG24 SEG24
$358 SEG25 SEG25 SEG25 SEG25
$359 SEG26 SEG26 SEG26 SEG26
$35A SEG27 SEG27 SEG27 SEG27
$35B SEG28 SEG28 SEG28 SEG28
$35C SEG29 SEG29 SEG29 SEG29
$35D SEG30 SEG30 SEG30 SEG30
$35E SEG31 SEG31 SEG31 SEG31
$35F SEG32 SEG32 SEG32 SEG32
$382 SEG33 SEG33 SEG33 SEG33
18
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LCD RAM Area Configuration (continued):
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Duty COM16 COM15 cCOoM14 COoM13
Address Bit3 Bit2 Bit1 Bit0
$360 SEG1 SEG1 SEG1 SEG1
$361 SEG2 SEG2 SEG2 SEG2
$362 SEG3 SEG3 SEG3 SEG3
$363 SEG4 SEG4 SEG4 SEG4
$364 SEG5 SEG5 SEG5 SEG5
$365 SEG6 SEG6 SEG6 SEG6
$366 SEG7 SEG7 SEG7 SEG7
$367 SEG8 SEG8 SEG8 SEG8
$368 SEG9 SEG9 SEG9 SEG9
$369 SEG10 SEG10 SEG10 SEG10
$36A SEG11 SEG11 SEG11 SEG11
$36B SEG12 SEG12 SEG12 SEG12
$36C SEG13 SEG13 SEG13 SEG13
$36D SEG14 SEG14 SEG14 SEG14
$36E SEG15 SEG15 SEG15 SEG15
$36F SEG16 SEG16 SEG16 SEG16
$370 SEG17 SEG17 SEG17 SEG17
$371 SEG18 SEG18 SEG18 SEG18
$372 SEG19 SEG19 SEG19 SEG19
$373 SEG20 SEG20 SEG20 SEG20
$374 SEG21 SEG21 SEG21 SEG21
$375 SEG22 SEG22 SEG22 SEG22
$376 SEG23 SEG23 SEG23 SEG23
$377 SEG24 SEG24 SEG24 SEG24
$378 SEG25 SEG25 SEG25 SEG25
$379 SEG26 SEG26 SEG26 SEG26
$37A SEG27 SEG27 SEG27 SEG27
$37B SEG28 SEG28 SEG28 SEG28
$37C SEG29 SEG29 SEG29 SEG29
$37D SEG30 SEG30 SEG30 SEG30
$37E SEG31 SEG31 SEG31 SEG31
$37F SEG32 SEG32 SEG32 SEG32
$383 SEG33 SEG33 SEG33 SEG33
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7.1.2. LCD Voltage Generator

LCD voltages V1, V2, V3, V4 are obtained using resistor divider network. The LCD can be turned off by writing in the LCD OFF
register.

7.1.3. LCD Waveform

The output waveform of 1/16 duty and 1/5 bias is shown below.

Vbb ——

Vi ——

V2 ——

COM1 V3

GND ——

Vbb —

Vi —— .
V2 ——

A 1 I e S A  § R
Ve —— .
GND ——

Vbbb —

Vi —

COM3

GND ——

Vbb ——

Vi ——

V2 ——

COM16
V3 —

GND ——

Vbb —
Vi ——
V2 ——

SEG
V3 ——

V4 —

GND —
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7.2. 1/8 duty. (8com X 41 seg) (COM [9:16] are used as SEG [34:41])

7.2.1. LCD.RAM Area Configuration for 1/8 duty (Power-on default)
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Duty COoM4 com3 COM2 COoM1
Address Bit3 Bit2 Bit1 Bit0

$300 SEG1 SEGH1 SEG1 SEG1

$301 SEG2 SEG2 SEG2 SEG2
$302 SEG3 SEG3 SEG3 SEG3
$303 SEG4 SEG4 SEG4 SEG4
$304 SEG5 SEG5 SEG5 SEG5
$305 SEG6 SEG6 SEG6 SEG6
$306 SEG7 SEG7 SEG7 SEG7
$307 SEG8 SEG8 SEG8 SEG8
$308 SEG9 SEG9 SEG9 SEG9
$309 SEG10 SEG10 SEG10 SEG10
$30A SEG11 SEG11 SEG11 SEG11
$30B SEG12 SEG12 SEG12 SEG12
$30C SEG13 SEG13 SEG13 SEG13
$30D SEG14 SEG14 SEG14 SEG14
$30E SEG15 SEG15 SEG15 SEG15
$30F SEG16 SEG16 SEG16 SEG16
$310 SEG17 SEG17 SEG17 SEG17
$311 SEG18 SEG18 SEG18 SEG18
$312 SEG19 SEG19 SEG19 SEG19
$313 SEG20 SEG20 SEG20 SEG20
$314 SEG21 SEG21 SEG21 SEG21
$315 SEG22 SEG22 SEG22 SEG22
$316 SEG23 SEG23 SEG23 SEG23
$317 SEG24 SEG24 SEG24 SEG24
$318 SEG25 SEG25 SEG25 SEG25
$319 SEG26 SEG26 SEG26 SEG26
$31A SEG27 SEG27 SEG27 SEG27
$31B SEG28 SEG28 SEG28 SEG28
$31C SEG29 SEG29 SEG29 SEG29
$31D SEG30 SEG30 SEG30 SEG30
$31E SEG31 SEG31 SEG31 SEG31
$31F SEG32 SEG32 SEG32 SEG32
$340 SEG33 SEG33 SEG33 SEG33
$341 SEG34 SEG34 SEG34 SEG34
$342 SEG35 SEG35 SEG35 SEG35
$343 SEG36 SEG36 SEG36 SEG36
$344 SEG37 SEG37 SEG37 SEG37
$345 SEG38 SEG38 SEG38 SEG38
$346 SEG39 SEG39 SEG39 SEG39
$347 SEG40 SEG40 SEG40 SEG40
$348 SEG41 SEG41 SEG41 SEG41
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LCD RAM Area Configuration (continued):
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Duty COMS8 com7 COM6 COMS5
Address Bit 3 Bit 2 Bit 1 Bit 0

$320 SEG1 SEGH1 SEG1 SEG1

$321 SEG2 SEG2 SEG2 SEG2

$322 SEG3 SEG3 SEG3 SEG3

$323 SEG4 SEG4 SEG4 SEG4

$324 SEG5 SEG5 SEG5 SEG5

$325 SEG6 SEG6 SEG6 SEG6

$326 SEG7 SEG7 SEG7 SEG7

$327 SEG8 SEG8 SEGS8 SEG8

$328 SEG9 SEG9 SEG9 SEG9

$329 SEG10 SEG10 SEG10 SEG10
$32A SEG11 SEG11 SEG11 SEG11
$32B SEG12 SEG12 SEG12 SEG12
$32C SEG13 SEG13 SEG13 SEG13
$32D SEG14 SEG14 SEG14 SEG14
$32E SEG15 SEG15 SEG15 SEG15
$32F SEG16 SEG16 SEG16 SEG16
$330 SEG17 SEG17 SEG17 SEG17
$331 SEG18 SEG18 SEG18 SEG18
$332 SEG19 SEG19 SEG19 SEG19
$333 SEG20 SEG20 SEG20 SEG20
$334 SEG21 SEG21 SEG21 SEG21
$335 SEG22 SEG22 SEG22 SEG22
$336 SEG23 SEG23 SEG23 SEG23
$337 SEG24 SEG24 SEG24 SEG24
$338 SEG25 SEG25 SEG25 SEG25
$339 SEG26 SEG26 SEG26 SEG26
$33A SEG27 SEG27 SEG27 SEG27
$33B SEG28 SEG28 SEG28 SEG28
$33C SEG29 SEG29 SEG29 SEG29
$33D SEG30 SEG30 SEG30 SEG30
$33E SEG31 SEG31 SEG31 SEG31
$33F SEG32 SEG32 SEG32 SEG32
$360 SEG33 SEG33 SEG33 SEG33
$361 SEG34 SEG34 SEG34 SEG34
$362 SEG35 SEG35 SEG35 SEG35
$363 SEG36 SEG36 SEG36 SEG36
$364 SEG37 SEG37 SEG37 SEG37
$365 SEG38 SEG38 SEG38 SEG38
$366 SEG39 SEG39 SEG39 SEG39
$367 SEG40 SEG40 SEG40 SEG40
$368 SEG41 SEG41 SEG41 SEG41
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7.2.2. LCD Voltage Generator
LCD voltages V1, V2, V3 are obtained using resistor divider network. The LCD can be turned off using the LCDOFF register.
7.2.3. LCD Waveform

The output waveform of 1/8 duty and 1/4 bias is shown below.
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8. Interrupt

Three interrupt sources are available on the SH6616:
- Base Timer interrupt (BTMR)

- TimerO0 interrupt (TMRO)

- Port falling edge detection interrupt (ﬁ)

8.1. Interrupt Control Bits and Interrupt Service:

- Interrupt control flags are mapped on $00 through $01 of the system register. They can be accessed or tested by the
program. These flags are cleared to 0 at initialization.

Address Bit 3 Bit 2 Bit 1 Bit 0 Remarks
$00 IEBT IETO - IEP Interrupt enable flags
$01 IRQBT IRQTO - IRQP Interrupt request flags

- Interrupt request begins when IRQx is set to 1 and IEx is 1. At this time, an interrupt will activate and vector address will
commence from the priority PLA corresponding to the interrupt source. When an interrupt occurs, the PC and CY flags will
be saved in stack memory and jump to an interrupt service vector address. After an interrupt occurs, all interrupt enable flags
(IEx) are automatically reset to O, so all interrupts are disabled. The IRQx, which caused the interrupt, must be reset by
software in the interrupt service routine. When IEx is set to 1 again, SH6616 can supply multi-level interrupts.

8.2. Vector Address and Interrupt Priority

Priority Interrupt source
1 (Most) RESET

2 BTMR

3 TMRO

4 Reserved

5 (Least) PB

9. System Clock and Oscillation Circuit

The system clock generator produces clock pulses supplied to the CPU and on-chip peripherals.
-Instruction cycle time: 2 us for 2 MHz clock.

10. HALT or STOP
- After execution of HALT, SH6616 will enter HALT state. In HALT state, the CPU will stop operating, but the peripheral circuit
(timer) will operate.

- After execution of STOP, SH6616 will enter STOP. In STOP, the entire chip (including RC oscillator) will stop operating. If
32.768Khz clock is actived by setting BTM.2-BTM.0, the Base Timer keeps running even in STOP mode. In the same manner,
LCD outputs waveform if 32.768Khz LCD clock source is chosen in STOP mode.

- In HALT, SH6616 will wake up if an interrupt occurs.
- In STOP, SH6616 will wake up if port interrupt occurs or BTM interrupt occurs.

11. Warm-up Timer

The warm-up timer eliminates an initial oscillation instability in the following two cases:
(1) Power-on reset;
(2) Wake-up from STOP.

Software warm-up is needed for Base Timer start-up.
The warm-up time interval is 32 clock cycles.

24
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12. Pump

The Pump circuit needs OSC32KHz clock. When OSC32KHz clock is stopped, writing ‘1’ to VDE (bit2 of register $1EH) can
disable the Pump. In order to obtain a steady clock, when the OSC32KHz clock begins to vibrate, the pump will not enable in the
first one second even if VDE is set to ‘1°.

13. System Reset

- Hardware reset input
- Warm-up timer for power-on reset

Initial State
Hardware After Power-on Reset
Program Counter $000
CYy Undefined
Data Memory Undefined
System Register Undefined
AC Undefined
Timer Counter Undefined
Timer Load Register Undefined
Interrupt Enable Flags 0
Interrupt Request Flags 0
DPH, DPM, DPL Undefined
TBR Undefined
LCD Driver Output active
Base Timer stop
PORT A $0
PORT B $F
COMSE 0
VDE 0
LCDI1, LCDI1 0
Bank 0
25
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14. Instruction set
All instruction are one cycle and one word instructions. The characteristics is memory oriented operation.
14.1. Arithmetic and Logical Instruction

14.1.1. Accumulator Type

Mnemonic Instruction Code Function Flag Change
ADC X(,B) 00000 Obbb xxx xxxx AC < Mx + AC+ CY CY
ADCM X (,B) 00000 1bbb xxx xxxx AC,Mx « Mx+AC +CY CY
ADD X(,B) 00001 Obbb xxx xxxx AC < Mx+AC CYy
ADDM X (,B) 00001 1bbb xxx xxxx AC, Mx « Mx+AC CcY
SBC X(,B) 00010 Obbb xxx xxxx AC « Mx +-AC + CY CcY
SBCM X (,B) 00010 1bbb xxx xxxx AC,Mx « Mx+-AC +CY cY
suB X (,B) 00011 Obbb xxx xxxx AC < Mx +-AC + 1 CY
SUBM X (,B) 00011 1bbb xxx xxxx AC, Mx « Mx+-AC + 1 CY
EOR X(,B) 00100 Obbb xxx xxxx AC « Mx ®AC
EORM X(,B) 00100 1bbb xxx xxxx AC,Mx « Mx® AC
OR X(,B) 00101 Obbb xxx xxxx AC « Mx | AC
ORM X(,B) 00101 1bbb xxx xxxx AC,Mx « Mx | AC
AND X(,B) 00110 Obbb xxx xxxx AC «— Mx & AC
ANDM X (, B) 00110 1bbb xxx xxxx AC,Mx « Mx&AC
SHR 11110 0000 000 0000 0~ ACH]; AClO~CY; CcY

AC shift right one bit

14.1.2. Immediate Type

Mnemonic Instruction Code Function Flag Change
ADI X, | 01000 iiii xxx xxxx AC «— Mx +1 CY
ADIM X | 01001 §iii xxx Xxxx AC, Mx « Mx + | Cy
SBI X, | 01010 iiii xxx Xxxx AC — Mx + -l +1 CcY
SBIM X, | 01011 iiii xxx xxxx AC, Mx « Mx+ -l +1 CY
EORIM X, I 01100 iiii xxx xxxx AC,Mx <« Mx® |
ORIM X, | 01101 §iii Xxx XxXxx AC, Mx « Mx v |
ANDIM X, | 01110 iiii xxx xxxx AC, Mx « Mx |

*In the assembler ASM66 V1.0, EORIM mnemonic is EORI. However, EORI has the same operation identical with EORIM.
Same for the ORIM with respect to ORI, and ANDIM with respect to ANDI.

14.1.3. Decimal Adjust

Mnemonic Instruction Code Function Flag Change
DAA X 11001 0110 xxx XXXX AC; Mx « Decimal adjust for add. CcY
DAS X 11001 1010 XXX XXXX AC; Mx < Decimal adjust for sub. CYy

26
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14.2. Transfer Instruction

Mnemonic Instruction Code Function Flag Change
LDA X(,B) 00111 Obbb xxx xxxx AC «— Mx
STA X(,B) 00111 1bbb xxx xxxx Mx «~ AC
LDI X, 1 01111 i Xxxx Xxxx AC, Mx « |
14.3. Control Instruction
Mnemonic Instruction Code Function Flag Change
BAZ X 10010 XXXX XXX XXXX PC « X if AC=0
BNZ X 10000 XXXX XXX XXXX PC « X if AC= 0
BC X 10011 XXXX XXX XXXX PC « X if CY=1
BNC X 10001 XXXX XXX XXXX PC « X if CY = 1
BAO X 10100 XXXX XXX XXXX PC « X if AC (0)=1
BA1 X 10101 XXXX XXX XXXX PC « X if AC(1)=1
BA2 X 10110 XXXX XXX XXXX PC « X if AC(2)=1
BA3 X 10111 XXXX XXX XXXX PC « X if AC(3)=1
CALL X 11000 XXXX XXX XXXX ST © oY PerT
PC < X (Does not include p)
RTNW H,L 11010 000h hhh 1111 PC « ST ; TBR« hhhh; AC«I 111
RTNI 11010 1000 000 0000 CY;PC « ST CcY
HALT 11011 0000 000 0000
STOP 11011 1000 000 0000
JMP X 1110p XXXX XXX XXXX PC « X (Includes p)
TIMP 11110 1111 111 1111 PC < (PC11-C8) (TBR) (AC)
NOP 11111 1111 111 1111 No Operation
Where,
PC Program counter | Immediate data p ROM page =0
AC Accumulator @ Logical exclusive OR ST Stack
-AC Complement of accumulator | Logical OR TBR Table Branch Register
CY Carry flag & Logical AND
Mx Data memory bbb RAM bank = 000
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Absolute Maximum Rating *Comments

DC Supply Voltage . . . ................. -0.3Vto + 7V Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to this device.

InputVoltage . . . ................. -0.3V to Vop + 0.3V These are stress ratings only. Functional operation of this
device at these or any other conditions above those

Operating Ambient Temperature . . . ... .. -10°C to + 60°C indicated in the operational sections of this specification is
not implied or intended. Exposure to the absolute maximum

Storage Temperature . .............. -55°C to + 125°C rating conditions for extended periods may affect device
reliability.

DC Electrical Characteristics
(Vpbb = 4.5V, GND = 0V, TAa = 25°C, Fosc = 2 MHz, unless otherwise specified)

Parameter Symbol Min. Typ. Max. Unit Conditions
Operating Voltage VbD 3.6 45 55 \%
VoD = 4.5V, 32.768KHz OSC off, all
Operating Current lop 0.5 0.8 mA | outputs (ports AOUT, AOUT)
unloaded, execute NOP instruction
Vbbb = 4.5V, Stop (RC OSC stop, Base
Standby Current IsB1 4.5 7.5 uA Timer on, LCD off, all outputs
unloaded)
Vbb = 4.5V, Stop (OSC and
Standby Current IsB2 0.7 1.2 UA 32.768KHz OSC off, Base Timer stop,
LCD off, all outputs unloaded )
Input Current li 10 50 UA | VDD =4.5V V (input) = 4.5V or GND
Input High Voltage VIH Vbp-0.5 Vop + 0.3 \Y,
Input Low Voltage ViL -0.3 GND + 0.5 \%
Output Low Drive Current loL 3.5 mA PORTA and PORTB, VoL = 0.8V
Output High Drive Current loH 500 LA PORTA, VoH = VDD - 0.5V
AOUT, AOUT, Output loH 2 mA Vout=VpD- 1V
L Vbpb = 4.5V, LCD on current, (LCDI1,
LCD Lighting ILco 25.0 35.0 uA LCDIO) = (0, 0). (For reference only)
Pull-up Resistance Rpu 20 100 KQ PORTB
28
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DC Electrical Characteristics

(Vbbb = 3.0V, GND = 0V, TA = 25°C, Fosc = 2 MHz, unless otherwise specified)

Parameter Symbol Min. Typ. Max. Unit Conditions
Operating Voltage Vbbp 2.4 3.0 3.4 \%
Operating Current lop 0.25 0.35 mA Vop = 3.0V, 32.768KHz OSC off, all
output unloaded
Vb = 3.0V, Stop (RC OSC stop, Base
Standby Current IsB1 1.5 25 WA Timer on, LCD off, all outputs unloaded)
Vb = 3.0V, Stop (OSC and 32.768KHz
Standby Current IsB2 0.7 1.2 A OSC off, Base Timer stop, LCD off, all
outputs unloaded)
Vbp = 3.0V
Input Current h 6 35 UA
V (input) = 3.0V or GND
Input High Voltage VIH Vbp-0.5 Vop + 0.3 \Y
Input Low Voltage ViL -0.3 GND + 0.5 \%
Output Low Drive loL 1.2 mA | PORTA and PORTB, VoL = 0.5V
Current
Cuiput High Drive loH 250 WA | PORTA, Vo= VoD - 0.5V
urrent
AOUT, AOUT loH 1.2 mA VouTt= VpD- 0.6V
Output Current loL 1.2 mA Vout = 0.5V
Vob = 3.0V, LCD on current, (LCDI1,
LCD Lighting ILcp 15.0 17.0 UA LCDIO) = (0, 0), no Pump. (For reference
only)
Vob = 3.0V, LCD on current, (LCDI1,
LCD Lighting ILcp 25.0 35.0 A LCDIO) = (0, 0), Pump enable. (For
reference only)
Pull-up Resistance Rpu 20 100 KQ PORTB
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Typical RC oscillator Resistor vs. OSC frequence: (for reference only)

Vpp = 4.5V Vop =3V
4000 4000
3000 3000 A
g 2000 \ g 2000 \
" 1000 — 1000 T —
0 0
0 200 400 600 800 0 200 400 600 800
Resister (KQ) Resister (KQ)

Application Circuit (for reference only)

16 x 33
1/16 duty 1/5 bias

it

120KQ
VD OSCI
10KQ
RESET
/o PORTB SH6616
1009
AOUT BUZZER
0OSCXO
32768Hz[ ]
oscxl AOUT
12p
—— TEST
DVO DV1 VPP GND
0.1uF 01WF oo
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Bonding Diagram

SEG14
SEG15
SEG16
SEG17
SEG18
SEG19
SEG20
SEG21
SEG22
SEG23
SEG24
SEG25
SEG26
SEG27
SEG28
SEG29
SEG30
SEG31
SEG32

Pad No Desiqnati
1 SEG 4]
2 SEG3I
3 SEG2I
4 SEG1
5  SEG 10l
6  SEG 9]
7  SEGIS8I
8  SEGI7]
9  SEGI6l
10  SEG 5]
11 SEG 4]
12 SEG 3]
13 SEG 2]
14 SEG[1]
15 COM[16]
16 COM[15]
17 COM 4]
18 COM[13]
19 COMM2]
20 COM[11]
21 COM 10l
22 COMI9I
23 COM 8]
24  COMI7I
25  COM [6]
26 COM 5]
27  COM [4]
28  COM 3]
29  COMI2l
30 COM[1]
31 VPP
32  DVO
33 DV1
34 PORTB3
35 PORTB2
36 PORTB1
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Bl eomn
Bllromo
El-omn

SH6616
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HEEREEERREREEBREEEEE]

wwamo | [F]
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—cox> || [&
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oxowno |[E]
-x00o | [E]
oo< |[§]
~vo|[E
—owo |
S|
~>»-x07|[F]
&
&
&l
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N>—T0T
wP>HDO0T
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; 2250

* Substrate connect to GND

X

Y

-1049.55
-908.05
-773.10
-648.10
-523.10
-397.60
-281.95
-166.95

-51.95

63.05
178.05
293.05
408.05
528.05

648.05
773.05

908.05
1049.05
1049.05
1049.05
1049.05
1049.05
1049.05
1049.05
1049.05
1049.05
1049.05
1049.05
1049.05
1049.05
1049.05
1049.05
1049.05
1049.05
1049.05
1049.05

Downloaded from Elcodis.com electronic components distributor

1092.60
1092.60
1092.60
1092.60
1092.60
1092.60
1092.60
1092.60
1092.60
1092.60
1092.60
1092.60
1092.60
1092.60

1092.60
1092.60

1092.60
1092.60
951.60
816.55
696.55
576.55
461.55
346.55
231.55
116.55
1.55
-113.45
-228.45
-343.45
-458.45
-578.45
-698.45
-818.45
-951.60
-1092.60

Pad No_Deslanatl
37 PORTBO
38 PORTA3
39 PORTA2
40 PORTA1
41 PORTAO
42  OSCI
43  OP1
44 VCC
45  OSCXI
46  OSCXO
47 GND
48  OPO
49  AOUT
50 AouT
51 RESET
52 TEST
53  SEGI[33]
54  SEGI[32]
55 SEGI[31]
56  SEG [30]
57  SEGI[29]
58  SEG [28]
59  SEGI[271
60 SEGI[26]
61 SEGI[25]
62 SEG[24]
63 SEGI[23]
64 SEGI[22]
65 SEGI21]
66 SEGI[201
67 SEGI[19]
68 SEGI[18]
69 SEG[171
70  SEG[16]
71 SEG[15]
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COM13/SEG38 |

COM12/SEG37
COM11/SEG36
COM10/SEG35
COMO9/SEG34
coms

com7

COome

COM5

com4

com3

Com2

com1

VPP

Dvo

DV1

PORTB3
PORTB2
PORTB1

2330

X

unit: um
Y

908.05
773.05
648.05
533.05
413.05
293.05
165.10
65.05
-49.95
-164.95
-279.95
-279.95
-5621.10
-395.60

-648.10
-773.10

-908.05
-1049.55
-1049.55
-1049.55
-1049.55
-1049.55
-1049.55
-1049.55
-1049.55
-1049.55
-1049.55
-1049.55
-1049.55
-1049.55
-1049.55
-1049.55
-1049.55
-1049.55
-1049.55

-1092.60
-1092.60
-1092.60
-1092.60
-1092.60
-1092.60
-1092.60
-1092.60
-1092.60
-1092.60

-992.60
-1092.60
-1092.60
-1092.60

-1092.60
-1092.60

-1092.65
-1092.60
-951.60
-818.45
-698.45
-578.45
-458.45
-343.45
-228.45
-113.45
1.55
116.55
231.55
346.55
461.55
576.55
696.55
816.55
951.55
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Ordering Information

Part No.

Package

SH6616H

CHIP FORM
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