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Revision History

Revision Date Description Page
1. Modify page number.
1.1 2005/11/3 | 2. Add and revise standby function description (Halt and Standby Mode). -
3. Revise and add Isb Standby Mode Condition.
1.2 2005/12/14 | Revise and add lil (Input current) characteristics. -
1. Remove system clock 16MHz condition (Operating voltage and Standby| 4
mode).
1.30 2009/12/7 | 2. PRF of AM4FEO031B/AM4FE041B/AM4FE063B series don't support| 8
constant current.
3. Revise Vss ~ VDD characteristics. 9
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1. General Description

The AMAFExxxx series are very low cost midi & voice synthesizers with 4-bit microprocessor. They have
various features including 4-bit ALU, ROM, RAM, 1/O ports, timers, clock generator, MIDI and voice synthesizer,
current D/A, Push-Pull and PWM outputs, etc. The audio synthesizer contains eight channels. Furthermore,
they consist of 60 instructions in these devices. With CMOS technology, halt and standby function can minimize
power dissipation. Their architectures are similar to RISC, with two stages of instruction pipeline. Most of

instructions are executed in a single cycle, except for few instructions that need two or three instruction cycles.

2. Features
(1) Single power supply can operate from 2.4V to 5.5V at 8MHz.
(2) Program ROM can be up to 127k x 12-bit. (00000H~5FFFFH, 6 banks)

(3) There are 9 bodies in AM4FE series:

Product Voice Duration (sec) ROM Size (12-bit)
AM4FEO010B 10 32k
AM4FEO015B 15 48k
AM4FE020B 20 64k
AM4FEO031B 31 96k
AM4FE041B 41 128k
AM4FEO63B 63 192k
AM4FE084B 84 256k
AM4FE106B 106 320k
AM4FE127B 127 384k

(4) Data SRAM can be up to 448 x 4-bit. (20H~FFH per page, total 2 pages)

(5) There are total 24 1/0O pins, PRA/PRB/PRC/PRD/PRE/PRF. Each pin of all ports can be wake-up port when

they are configured as input or IO mode.

(6) There are two kinds of clock sources in the device of AM4F.
a) Resistor mode (RM).
b) High frequency crystal mode (HM).

(7) Halt and Standby Mode
System clock can be totally stopped in halt mode, and cause all functions stop to save power. The Standby
mode is similar to halt mode, except the system clock is still working. However, it is required to execute
STB instruction to enter standby mode. Once the AM4F IC is under the standby mode and running for a
period of time, the “wakeup” signal, which is generated by internal interrupt or external input change, can
lead AM4F IC into the normal operating mode. Under slower system clock, that is standby mode, the power
consumption is around 90UA@3V and 180uA@4.5V under the condition of 8MHz (Rosc=390Kohm). Hence,
the power-saving program counter function can be applied in this mode. For details, please refer to Alpha’s

Application Note number APN-05007.
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(8) Each I/O pin can be one of four mask options: (Mask Option)
a) Floating input
b) 10 with input weak pull high (Register Control)
¢) Input with weak pull high
d) Output
(9) There are two ports for large current output: PRAO~3, PRF0~3.

(10) Built-in infrared (IR) carrier output: (Mask Option)
There are built-in infrared carrier output ports in the device that can be taken as transmission port in
wireless transmission. The built-in IR carrier output can be optioned to high/low carry and be specified

frequency with setting its timer value. User can set PRA[1] or PRBJ[1] as IR carrier pin.

(11) Voice and Timbre encoding method:
a) 6-bit Alpha ALS-PCM encoding. (Two samples for one word)
b) 8-bit PCM encoding. (“B” version only. One sample for one word, 4 bits are unused for audio data)
(12) MIDI and voice output:
There are eight output channels. User can specify any combination of mixing channels for both DAC1 or
DAC2. Each channel can be configured as pure wave play or automatic repeat to easy the implementation
of MIDL.

(13) There are three kinds of audio output method. User can select one type of audio output by programming
special function registers SPDRV ($11). (Register Control)
a) One 8 bits PWM output.
b) Two 10 bits DAC output.
¢) One 10 bits Push-Pull output. (Only available for AMAFEO84B/AM4FE106B/AM4FE127B)
(14) 16-level volume control (Register Control)
There is a 16-level volume control for both PWM and DAC. It is used to control the volume level and to
minimize the mixing saturation.
(15) Eight-level current output (Mask Option)
There is a mechanism in DAC output in order to increase elasticity of DAC output driving current. User can
utilize the current control to change DC working point of DAC output for different bipolar transistor.
(16) Watch Dog Timer (WDT)
(17) External Reset: User can set PRA[3] or PRBJ[3] as reset pin. (Mask Option)
(18) There are 4 methods of internal reset:
a) Power-on reset
b) Watchdog reset
c) Low voltage reset
d) External reset
(19) Number of instruction: 60
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3. Memory
3.1 ROM

3.2

The ROM memory could be divided into three portions. The first portion 0x0~0xF is addressed for interrupt
in normal mode. The second portion Ox10~Ox3FF is reserved for test program. The last portion
0x400~0X5FFFF located in the address range that could be accessed by program counter (PC) and others’
pointer simultaneously. Address bits[17:16] is accessed by setting PCH value in SFR$14 to switch banks.
That is, each bank has memory space 64K words. This portion could be used to store program and data.

Figure 3.1 shows the ROM map.

ROM Space

$00000

Interrupt Vector
$0000F
$00010

Test Program
$003FF
$00400

Program & Data Space
$5FFFF

FIGURE 3.1: ROM Map of AM4FEXxxXx

SRAM

Each of the two SRAM pages is range form 0x20 to OxFF, that is 224*4-bit for a page. 0x00~0x1F is left for
special function register. Instruction SRB, RRB is limited to apply to SFR and first 32 nibbles SRAM

(0x20~0x3F).
Register Space

$00
$1F

$20 SRB, RRB only apply to SFR and first
$3F 32 nibbles GPR

$40

Special Function Register

Total 192 nibbles GPR

$FF

FIGURE 3.2: SRAM Map of AM4F
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4. Pin Description

Pad Name Attr. Description

Four I/0O modes can be optioned for each 1/O pin: (1) Floating input mode, (2)

IO mode, (3) pull-high input mode, (4) output mode.
PRAO/PRA2 | 1/O

Or 4 kinds of output current: (1) Normal current, (2) Constant current, (3)
Large current, (4) Large and Constant current.

Four I/0 modes can be optioned for each 1/O pin: (1) Floating input mode, (2)
10 mode, (3) pull-high input mode, (4) output mode.

PRA1 /IR 1o Or 4 kinds of output current: (1) Normal current, (2) Constant current, (3)

Large current, (4) Large and Constant current.

Or mask_option selected as an IR Carrier Output with programmable 38k /
56kHz.
Four I/0 modes can be optioned for each 1/O pin: (1) Floating input mode, (2)

10 mode, (3) pull-high input mode, (4) output mode.

PRA3 / Reset 1o Or 4 kinds of output current: (1) Normal current, (2) Constant current, (3)

Large current, (4) Large and Constant current.

Or Mask_option selected as an external RESET pin with weak pull-high
capability.

Four I/0O modes can be optioned for each 1/O pin: (1) Floating input mode, (2)
PRBO/ OSC2 /O IO mode, (3) pull-high input mode, (4) output mode.

Or crystal output for HM mode.

Four I/0O modes can be optioned for each 1/O pin: (1) Floating input mode, (2)

I0 mode, (3) pull-high input mode, (4) output mode.
PRB1/IR I/O

Or mask_option selected as an IR Carrier Output with programmable 38k /
56kHz.

Four I/0 modes can be optioned for each 1/O pin: (1) Floating input mode, (2)

IO mode, (3) pull-high input mode, (4) output mode.
PRB3/Reset | /O

Or Mask_option selected as an external RESET pin with weak pull-high

capability.
PRB2
PRCO0~3 1o Four I/O modes can be optioned for each /O pin: (1) Floating input mode, (2)
PRDO~3 IO mode, (3) pull-high input mode, (4) output mode.
R , (3) pull-high inp , (4) outp

7 Rev 1.30 2009/12/7



él.. ... AMAFE Series

Four I/0O modes can be optioned for each 1/O pin: (1) Floating input mode, (2)
IO mode, (3) pull-high input mode, (4) output mode.

PRFO~3 /O Or 4 kinds of output current: (1) Normal current, (2) Constant current(Only
unavailable for AMAFEO31B/AM4FEO41B/AM4FEQ063B), (3) Large current, (4)
Large and Constant current(Only unavailable for
AM4FEO31B/AM4FE041B/AM4FE063B).

0OSC1 I R oscillator input for RM mode, or crystal input for HM mode.

PWM1/DA1 (0] PWM1 output, Current Output of Audio 1 or Push-Pull output 1.

PWM2/DA2 (0] PWM2 output, Current Output of Audio 2 or Push-Pull output 2.

VDD1~4(or 5) | Power | Positive power supply.

GND1~4(or 5) | Power | Ground Potential.
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5. Electrical Characteristics

The Characteristics of AM4FE series are described in the following table. All the data are measured in the room

temperature. Different process lot or testing condition may cause variation of data result.

5.1 Absolute Maximum Rating

SYMBOL RATING UNIT
Vss ~ VDD -0.5~+455 \%
Vin (for all input) Vss-0.3 < Vin < VDD+0.3 \%
Vout (for all output) GND < Vout < VDD \
Top (Operating) 0~+70 C
Tst (Storage) -25 ~ +85 (¢
5.2 DC Characteristics
SYMBOL PARAMETER VDD | MIN. [ TYP. | MAX. | UNIT CONDITION
VDD Operating voltage 2.4 3 5.5 V 8 MHz
3 1
Iht Halt 25 5 UA Halt (Sleep) mode
3 a0
Standby mode
Isb Supply current Standby UuA
4.5 180 8MHz, RM
. 3 3 8MHz, RM,
lop Operating I —7 6 mA /0 No Loading
Input current Option 0 3 -3.8
. 4.5 -10 -
lil (Internal weak 3 - UA Vil=0v
[I-high i -
pull-high) Option 1 a5 0
. 3 -6 Voh=2.70v
loh Output high current
° I 45 15 Voh=3.75v
Output low current 3 13 Vol=0.65v
lol (disable large current /
disable constant current) | 45 26 Vol=1.30v
Output low current 3 26 Vol=1.30v
lol (enable large current / mA
disable constant current) | 4-5 50 Vol=2.50v
Output low current 3 11 Vol=0.55v
lol (disable large current /
enable constant current) 4.5 12 Vol=0.60v
Output low current 3 21 Vol=1.05v
lol (enable large current /
enable constant current) | 45 22 Vol=1.10v
3 16 -
lpwm PWM output current 25 >3 mA Load=8 ohms
lpush-put Push-pull maximum power 435 gé mA Load=8 ohms
3 0.96 ~ 4.06 8MHz, RM
Cout DA1 and DA2 output current 75 106 =434 mA (Full scale)
. Fosc(3v) - Fosc(2.4v)
- 0,
dF/F Frequency stability 3 3 3 % Fosc (3V)
dF/F Fosc lot variation 3 -8 8 % 8MHz
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5.3 Typical Rosc and VDD for RM Mode Oscillator of AM4FExXxxX

VDD Oscillator Frequency
Rosc=430K Rosc=390K Rosc=360K Rosc=270K Rosc=180K
1.8V 6.63 MHz 7.32 MHz 7.91 MHz 11.48 MHz 14.70 MHz
19V 6.68 MHz 7.48 MHz 8.06 MHz 11.82 MHz 15.12 MHz
20V 6.78 MHz 7.56 MHz 8.10 MHz 11.93 MHz 15.55 MHz
25V 6.98 MHz 7.79 MHz 8.38 MHz 12.42 MHz 16.49 MHz
3.0V 7.01 MHz 7.87 MHz 8.53 MHz 12.63 MHz 16.67 MHz
35V 7.03 MHz 7.91 MHz 8.55 MHz 12.69 MHz 16.83 MHz
40V 7.03 MHz 7.92 MHz 8.55 MHz 12.72 MHz 16.83 MHz
45V 7.05 MHz 7.94 MHz 8.55 MHz 12.78 MHz 16.91 MHz
50V 7.07 MHz 7.94 MHz 8.55 MHz 12.78 MHz 16.91 MHz
55V 7.07 MHz 7.95 MHz 8.59 MHz 12.81 MHz 16.90 MHz
6.0V 7.09 MHz 7.99 MHz 8.66 MHz 12.81 MHz 16.92 MHz
Frequency vs VDD
18
16 H‘**;EBEBEK
14 —&— Rosc=430k
T 12
s —— Rosc=390k
<10
(8]
& 8 [ — - Rosc=360k
g W:ﬁﬁ
8 6 Rosc=240k
LL 4l
5 | —X¥— Rosc=180k
0
15 2 25 3 35 4 45 5 55 6 65
VDD (volt)
Frequency vs Rosc (VDD=3V)
34
29 ¢
T
s 24
g 19 |
;’g 14 |
[
9 L
4
50 150 250 350 450 550
Rosc (K ohms)
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5.4 Typical DAC Output Current of AM4FExxxx ( Full Scale for each DAC)

Option

1

2

3

4

5

6

7

DAC Current
(VDD=3V)

0.88 mA

1.34 mA

1.76 mA

2.18 mA

2.62 mA

3.06 mA

3.48 mA

3.84 mA

DAC Current
(VDD=4.5V)

0.98 mA

1.48 mA

1.96 mA

2.38 mA

2.88 mA

3.36 mA

3.82 mA

4.2 mA
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6. Application Circuit (AM4FEO010B/015B/020B/031B/041B/063B)

WD

Aan
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26
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21
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a2

14

15
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VDD
m VDD
PEA40 YDl i?
PRALIR YD o
PE&42 VDD "
PRASEESET WD LK
_10la
PEELIE 15 T
DIEE2 GHD1
PRERESET GHD2 ; PRASTRES
GHDS
FRCD GHD4 23 |
PRC] — 1
PRE2 - d
PR
. | a0 | REZET
DEDO =
PED1
PED2 1
PRDS PREO/OSC: ——
PRED STE
PREL .
PRE2 WD AL
IRES
PEFD : SPEAKER
FEF1 PRI A2
PEF2
PREF3
AM4FEIOEMLSEN20EN31E04 1BMGIE
m VDD VDD
PRAD ] 3? SPEAEER
PRALIR VDD o
PRA& VDD =
PRA4SEESET WD
— 8l
PRELIR " H
PRE2 GHD n
PREZ/RESET GHD2 S
BHD3 35 ias
PRCO D
PRC] — L
PRC2 -
PROCS a0 2P ==
ascl i
PRDO YOI
PED1 St :Eup SPEAKEFR.
PRDZ " T
PRDS PEEOSOSCE -
PRED
PREL .
PRE2 PRI D]
PRES 0350
HEH
za01] .
PEF1 PRI A2 Fhias
PEF2 I
PRFS 1

ALMFEIIOBALSEAIIENZ 1B 1EMNGIE

Rhias=51001 ~1.2KL2.
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7. Application Circuit (AM4FE084B/106B/127B)

VDD VDD
an m YLD
§ PRAD VDDl 15
| LED . PRALIE. vDD2 "
! . F PR&A2 VOIS 2
' ' PRASEESET VDI r 10K
! ! - VDD
' ' ——— FREVIIE 10
' ' S, S T
! ! a6 3 PEASTRES
' Aa ——| PRERESET BNDL [ é)
' BHD2
f 3l 0.117
'—H 7 FRCO GHDE 33 —
—— pRC1 M4 T
LED ) 37 VDD
—; ] FREC? GHDS )
_— ——— PRC3 — RESET
—.,m— a1 ——
— | D—T PR ascl —— —
! | —5 ] PRDL L
1 —_—
b 1| FRD2
i ! ——— FED3 a0
! X 16 PREO/OSCY ———
: : T DEED
B
' ! 1% 34
i ! —— IREz PWILT AL
1
1 1
a7
1 ! _
i ' 25 FEFD SPEAKER
| T 22 E-g; WL A2 £
| 0
o e
— AMAFEDS4E/106ES12TE
ins
Aan 71 VLI
’l 2 1 I VLD
—=—— FEA40 VDDl
3 15 EAKER
| LED —§ | FRAVR VD32 o 5F
! . — | FRAZ VOIS 2
i i ——— PEA4SERESET VDI 25
! ! - VDD
| | —— pRELR _lom 050
———— PEREZ T H
1 1 2'5 8
! Aa — | PREIRESET BHD1 m
i . GHD2 o
: — | FRCO GHD3 = s
LED — ] FREL BHI4 -
— | FREZ GHDS |
Tixl PRC3 _T_ 20F j—
— 11 27 . -
—0 | O——— PED0 os5c1 J_
' ' —5 ] FEDL YL
! ! —>—— PRD2 izl
' 14 )] SPEAKER
| : — IFD3 a0 T
! X 16 PREOMOGED
I ! —7 | FEED —
! —
' ' —— IEREl -
13
L Ty | PRE 34
i ! —— IRE: FWMLT AL
| . a7 2050
L T | PEW e
| Ton 20 ig‘; PN A 2 Fhi
| =0 145
B -
— AMATFEISAE/OEES2TE ——

Rhiss-=51000 ~1.2K02
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L) YLD
— FR4D YD1
— FRALTR YDD2
— PRE&2 WDD3
—— PRASRESET YD D4
WDD5
— PRELIR —lin
— PREZ 1T
— PREERESET GHD 1
GHD2
— PFRCD GHD3
— PFRC1 GFHD
—— PRC2 D5
PR3 = 207
—— PRI ascl
— FED
—— PRI
— PRD:
PRENOSCE
—— FEEN
— PEEl
— I'EE2
— PRES PRI D]
—— FEFO
— PEF1
—| PEF2 PR A
— PEF:
AMAFExxx

* pad number pleaze refer the previous pages.

0.la

100K

5

Rhigs-= 21080 ~2 7KLY

1004 TF

| o
T
—|_f'-1u SPEAEER.

i
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8. Bonding Diagram
8.1 AM4FE010B/AM4FE015B/AM4FE020B/AM4FEQ031B/AM4FEQ41B/AM4FE063B

GND4 PRF3 PRF2 PRF1 PRFO PRE3 PRE2 VDD4

ROM

N
~

VDD1

(o]

PRAO

PRA1

(&)]

N

PRA2

PRA3
PWM2/DA2

PRB3

vDD2 PRB1

osc1 |20

N
[y

N N N N N

PRBO/OSC2 | 19
GND1 |18

GND3 PRE1 PREO PRD3 PRD2 PRD1 PRDO VDD3 PRC3 PRC2 PRC1 PRCO PRB2

[s] Le] [z [e] [o] [so] [aa] [a2] [e] [34] [as] [as] [7]

(0,0)
Note: The IC substrate must be connected to GND.
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8.2 AM4FEO84B/AM4FE106B/AM4FE127B

ROM
VDD1
GND5
PRAG
PRAL PWM2/DA2
IZI PRA2 VvDD5
PRA3
EI PWM1/DA1
[5] Preo
GND4
VDD2 PRE1 PRE3 GND2 VDD3 PRFO PRF2 GND3

PRD2
. PRC1 PRC3 PRDO PRD1

n EEEEEHEEHEIE.IEEEIIIIE.E

GND1

PRC2

PREO PRE2 PRBO

PRF1 PRF3

VDD4

(0,0)

Note: The IC substrate must be connected to GND.
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