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G
am

e &
 W

atch em
ulation in M

AM
E is hardw

are em
ulation, not gam

e reim
plem

entation. The actual m
achine code dum

ped from
 original N

intendo m
icrocontroller chips

runs unm
odified. M

AM
E replicates the Sharp SM

5xx CPU
, the LCD

 segm
ent controller, m

ultiplexed inputs, and piezo buzzer - the gam
e logic follow

s autom
atically.

G
lossary of K

ey Term
s

If you are new
 to the hardw

are involved, this quick glossary explains the key term
s used throughout:

•
 M

C
U

 - M
icrocontroller U

nit. A self-contained chip com
bining CPU

, R
AM

, R
O

M
, and I/O

 peripherals. Each G
am

e &
 W

atch unit contains one Sharp SM
5xx M

CU
.

•
 LC

D
 - Liquid Crystal D

isplay. The segm
ent-based screen used in G

&
W

 gam
es. Individual segm

ents sw
itch on or off; they do not form

 pixels.
•
 R

O
M

 - R
ead-O

nly M
em

ory. The gam
e program

, perm
anently baked into the M

CU
 die.

•
 A

C
L - All Clear. The reset button found on every G

&
W

 unit, tied directly to the M
CU

 reset line.
•
 SV

G
 - Scalable Vector G

raphics. The form
at M

AM
E uses to describe LCD

 panel geom
etry, w

ith each segm
ent as a nam

ed vector shape.
•
 LFSR

 - Linear Feedback Shift R
egister. A shift register w

hose output feeds back as input, producing a pseudo-random
 sequence. The SM

5xx uses a 6-bit LFSR
 as

a program
 counter w

ithin each R
O

M
 page.

•
 LU

T - Look-U
p Table. A precom

puted array used in the SM
511 m

elody controller to translate tone com
m

ands into duty cycle counts.
•
 B

L/B
M

 - The low
er and upper halves of the SM

5xx R
AM

 address register. Together they select the current 4-bit R
AM

 nibble.

The Sharp SM
5xx C

PU
 Fam

ily

!N
intendo used a fam

ily of 4-bit Sharp m
icrocontrollers across the G

am
e &

 W
atch product line. Each variant differs in R

O
M

 capacity, R
AM

 layout, and peripheral
features. All variants share a com

m
on instruction set and are em

ulated through a single inheritance hierarchy in src/devices/cpu/sm510/.

The table below
 covers the m

ain variants you w
ill encounter w

hen exploring M
AM

E drivers:

N
am

e
R

O
M

R
A

M
N

otes
SM

5A
1.8 K

B
5x13x4 nibbles

O
ldest series, ~1980

SM
510

2.7 K
B

128x4 nibbles
Standard series, non-contiguous R

O
M

 m
ap

SM
511

4 K
B

128x4 nibbles
Adds dedicated m

elody controller
SM

512
4 K

B
160x4 nibbles

SM
511 w

ith extended LCD
 R

AM
SM

530
2 K

B
Varies

Later variant, used in select titles

The Soviet U
nion m

anufactured licensed clones of these chips, renam
ing them

 to К
Б1013ВК

1-2 (SM
5A), К

Б1013ВК
4-2 (SM

510), and К
Б1013ВК

7-2 (SM
511). M

AM
E

supports Soviet Elektronika G
&

W
 clones through the sam

e driver. M
AM

E’s shared SM
5xx core source header also cites Sharp sem

iconductor data books as background
docum

entation for the im
plem

entation 12.

sm
510base.h

•
 auto read_k()

•
 auto w

rite_segs()
•
 auto w

rite_r()
•
 virtual void execute_one() = 0

•
 virtual bool op_argum

ent()
•
 u16 get_lcd_row

(int colum
n, u8* ram

)
•
 virtual void lcd_update()

•
 virtual void clock_m

elody()
•
 virtual void increm

ent_pc()
•
 virtual void execute_run()

•
 void do_interrupt()

•
 u16 m

_pc
•
 u8 m

_acc
•
 u8 m

_bl
•
 u8 m

_bm
•
 u8 m

_c
•
 bool m

_skip
•
 bool m

_halt
•
 u16 m

_div
•
 u8 m

_gam
m

a

9555250

The sm510_base_device class defines the com
plete SM

5xx interface. It declares 95 virtual m
ethods - the m

ajority being opcode handlers (op_tl, op_add11,
op_cend, etc.) that subclasses override for variant-specific behaviour. The 55 m

em
ber variables cover CPU

 registers, LCD
 state, the divider, m

elody controller state, and
I/O

 callbacks. R
elevant interface definition 3.

C
PU

 A
rchitecture

⚙All SM
5xx variants are 4-bit processors w

ith a H
arvard architecture. The core registers are:

The follow
ing registers m

ake up the CPU
 core state, accessed during every instruction:

•
 A

C
C

 (m_acc) - 4-bit accum
ulator. All arithm

etic and logic operations pass through here.
•
 B

L/B
M

 (m_bl, m_bm) - R
AM

 address register. BL holds the low
er 4 bits, BM

 the upper bits. Together they index into the 4-bit R
AM

 array.
•
 PC

 (m_pc) - 12-bit program
 counter. Advances via LFSR

 rather than sim
ple increm

ent.
•
 C

 (m_c) - 1-bit carry flag. Set or cleared by arithm
etic operations, testable by TC (skip-if-no-carry).
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() 00 Nintendo Game & Watch_0_general_1_sorted by G&W series.txt 
 
release     Game & Watch             model  Sharp   title                                   MAME description            title 
date        series                   num.   CPU     * NOT Game & Watch      MAME name       * NOT Game & Watch          NA/UK 
 
1980-04-28  Silver                   AC-01  SM5A    Ball                    gnw_ball        Ball                        NA Toss-Up 
1980-06-05  Silver                   FL-02  SM5A    Flagman                 gnw_flagman     Flagman                     NA Flag Man 
1980-07-10  Silver                   MT-03  SM5A    Vermin                  gnw_vermin      Vermin                      NA The Exterminator 
1980-07-31  Silver                   RC-04  SM5A    Fire                    gnw_fires       Fire (Silver)               NA Fireman Fireman 
1980-10-04  Silver                   IP-05  SM5A    Judge                   gnw_judgeo      Judge (green version) 
1980-10-04  Silver                   IP-05  SM5A    Judge                   gnw_judge       Judge (purple version) 
  
1981-01-27  Gold                     MH-06  SM5A    Manhole                 gnw_manholeg    Manhole (Gold) 
1981-02-21  Gold                     CN-07  SM5A    Helmet                  gnw_helmeto     Helmet (version CN-07)      UK Headache 
1981-02-21  Gold                     CN-07  SM5A    Helmet                  gnw_helmet      Helmet (version CN-17)      UK Headache 
1981-04-27  Gold                     LN-08  SM5A    Lion                    gnw_lion        Lion 
  
1981-06-19  Wide Screen              PR-21  SM5A    Parachute               gnw_pchute      Parachute 
1981-07-16  Wide Screen              OC-22  SM5A    Octopus                 gnw_octopus     Octopus 
1981-08-05  Wide Screen              PP-23  SM5A    Popeye                  gnw_popeye      Popeye (Wide Screen) 
1981-09-08  Wide Screen              FP-24  SM5A    Chef                    gnw_chef        Chef 
1981-10-09  Wide Screen              MC-25  SM5A    Mickey Mouse            gnw_mc25        Mickey Mouse 
1981-10-09  Wide Screen              MC-25  SM5A    Mickey Mouse            gnw_mmouse      Mickey Mouse (Wide Screen) 
1981-10-09  Wide Screen              EG-26  SM5A    Egg                     gnw_eg26        Egg 
1981-10-09  Wide Screen              EG-26  SM5A    Egg                     gnw_egg         Egg 
1981-12-04  Wide Screen              FR-27  SM5A    Fire                    gnw_fire        Fire (Wide Screen) 
1982-02-01  Wide Screen              TL-28  SM510   Turtle Bridge           gnw_tbridge     Turtle Bridge 
1982-03-26  Wide Screen              ID-29  SM510   Fire Attack             gnw_fireatk     Fire Attack 
1982-04-28  Wide Screen              SP-30  SM510   Snoopy Tennis           gnw_stennis     Snoopy Tennis 
  
1982-05-28  Vertical Multi-Screen    OP-51  SM510   Oil Panic               gnw_opanic      Oil Panic 
1982-06-03  Vertical Multi-Screen    DK-52  SM510   Donkey Kong             gnw_dkong       Donkey Kong 
1982-11-12  Vertical Multi-Screen    DM-53  SM510   Mickey & Donald         gnw_dm53        Mickey & Donald 
1982-11-12  Vertical Multi-Screen    DM-53  SM510   Mickey & Donald         gnw_mickdon     Mickey & Donald 
1982-11-12  Vertical Multi-Screen    DM-53  SM510   Mickey & Donald         gnwmndon        Mickey & Donald 
1982-12-06  Vertical Multi-Screen    GH-54  SM510   Green House             gnw_ghouse      Green House 
1983-03-07  Vertical Multi-Screen    JR-55  SM510   Donkey Kong II          gnw_dkong2      Donkey Kong II 
1983-03-07  Vertical Multi-Screen    JR-55  SM510   Donkey Kong II          gnw_jr55        Donkey Kong II 
  
1983-03-14  Horizontal Multi-Screen  MW-56  SM510   Mario Bros.             gnw_mario       Mario Bros. 
1983-03-14  Horizontal Multi-Screen  MW-56  SM510   Mario Bros.             gnw_mw56        Mario Bros. 
1983-08-10  Horizontal Multi-Screen  LP-57  SM510   Rain Shower             gnw_rshower     Rain Shower 
1983-10-25  Horizontal Multi-Screen  TC-58  SM510   Lifeboat                gnw_lboat       Life Boat 
  
1983-12-05  Vertical Multi-Screen    PB-59  SM511   Pinball                 gnw_pinball     Pinball 
1984-??-??  Vertical Multi-Screen    BM-501 SM511   *Bassmate Computer      bassmate        *Bassmate Computer 
1985-02-15  Vertical Multi-Screen    BJ-60  SM512   Black Jack              gnw_bjack       Black Jack 
1986-04-17  Vertical Multi-Screen    MG-61  SM510   Squish                  gnw_squish      Squish 
1987-06-15  Vertical Multi-Screen    BD-62  SM512   Bomb Sweeper            gnw_bsweep      Bomb Sweeper 
1988-01-12  Vertical Multi-Screen    JB-63  SM511   Safebuster              gnw_sbuster     Safe Buster 
1988-10-19  Vertical Multi-Screen    MV-64  SM512   Gold Cliff              gnw_gcliff      Gold Cliff 
1989-08-26  Vertical Multi-Screen    ZL-65  SM512   Zelda                   gnw_zelda       Zelda 
  
1982-10-26  New Wide Screen          DJ-101 SM510   Donkey Kong Jr.         gnw_dj101       Donkey Kong Jr. (new wide screen)    
1982-10-26  New Wide Screen          DJ-101 SM510   Donkey Kong Jr.         gnw_dkjr        Donkey Kong Jr. (New Wide Screen) 
1983-06-16  New Wide Screen          ML-102 SM510   Mario's Cement Factory  gnw_mariocm     Mario's Cement Factory (New Wide Screen) 
1983-06-16  New Wide Screen          ML-102 SM510   Mario's Cement Factory  gnw_ml102       Mario's Cement Factory (new wide screen) 
1983-08-24  New Wide Screen          NH-103 SM510   Manhole                 gnw_manhole     Manhole (New Wide Screen) 
1985-07-08  New Wide Screen          TF-104 SM510   Tropical Fish           gnw_tfish       Tropical Fish 
1988-03-08  New Wide Screen          DR-106 SM511   Climber                 gnw_climbern    Climber (New Wide Screen) 
1988-03-08  New Wide Screen          BF-107 SM511   Balloon Fight           gnw_bfightn     Balloon Fight (New Wide Screen) 
1988-03-08  New Wide Screen          YM-105 SM511   Super Mario Bros.       gnw_smbn        Super Mario Bros. (New Wide Screen) 
1991-10-14  New Wide Screen          MB-108 SM511   Mario The Juggler       gnw_mariotj     Mario The Juggler 
 
1983-04-28  Table Top / Color Screen CJ-71  SM511?  Donkey Kong Jr.         [not currently emulated in MAME] 
1983-04-28  Table Top / Color Screen CM-72  SM511   Mario's Cement Factory  gnw_mariocmt    Mario's Cement Factory (Table Top, version CM-72) 
1983-04-28  Table Top / Color Screen CM-72  SM511   Mario's Cement Factory  gnw_mariocmta   Mario's Cement Factory (Table Top, version CM-72A) 
1983-07-05  Table Top / Color Screen SM-73  SM511?  Snoopy                  [not currently emulated in MAME] 
1983-08-17  Table Top / Color Screen PG-74  SM511?  Popeye                  [not currently emulated in MAME] 
 
1983-08-30  Panorama Screen          SM-91  SM511   Snoopy                  gnw_snoopyp     Snoopy (Panorama Screen) 
1983-08-30  Panorama Screen          PG-92  SM511   Popeye                  gnw_popeyep     Popeye (Panorama Screen) 
1983-10-07  Panorama Screen          CJ-93  SM511   Donkey Kong Jr.         gnw_dkjrp       Donkey Kong Jr. (Panorama Screen) 
1983-11-10  Panorama Screen          TB-94  SM511   Mario's Bombs Away      gnw_mbaway      Mario's Bombs Away 
1984-02-28  Panorama Screen          DC-95  SM511   Mickey Mouse            gnw_mmousep     Mickey Mouse (Panorama Screen) 
1984-09-06  Panorama Screen          MK-96  SM511   Donkey Kong Circus      gnw_dkcirc      Donkey Kong Circus 
  
1984-02-07  Super Color              BU-201 SM510   Spitball Sparky         gnw_ssparky     Spitball Sparky 
1984-02-21  Super Color              UD-202 SM510   Crab Grab               gnw_cgrab       Crab Grab 
  
1984-07-31  Micro VS. System         BX-301 SM511   *Boxing                 gnw_bx301       *Micro Vs. System Boxing    NA Punch Out 
1984-07-31  Micro VS. System         BX-301 SM511   *Boxing                 gnw_boxing      *Micro Vs. System Boxing    NA Punch Out 
1984-08-20  Micro VS. System         AK-302 SM511   *Donkey Kong 3          gnw_dkong3      *Micro Vs. System Donkey Kong 3 
1984-11-13  Micro VS. System         HK-303 SM511   *Donkey Kong Hockey     gnw_dkhockey    *Micro Vs. System Donkey Kong Hockey 
  
1986-06-25  Crystal Screen           YM-801 SM511   Super Mario Bros.       gnw_smb         Super Mario Bros. (Crystal Screen) 
1986-07-04  Crystal Screen           DR-802 SM511   Climber                 gnw_climbcs     Climber (crystal screen) 
1986-07-04  Crystal Screen           DR-802 SM511   Climber                 gnw_climber     Climber (Crystal Screen) 
1986-11-19  Crystal Screen           BF-803 SM511   Balloon Fight           gnw_bfight      Balloon Fight (Crystal Screen) 
 
1987-08-01  Diskun Special Edition  YM-901-S SM511  Super Mario Bros.       gnw_smbn        Super Mario Bros. (New Wide Screen) 
 
never 
released    Vertical Multi-Screen    TR-66  SM512?  Tetris Jr. (prototype)  [not currently emulated in MAME] 
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