—/DMC 60052/32—

8-BIT MICROCOMPUTER

| [ CMOS SINGLE-COMPONENT j 400P | Unit : mm

O FEATURES

O 8 bit CPU optimized for control applications.

O Pin-to-pin compatble with intes 80C52/
80C32.

© 60C32 Low power CPU only.

O 64K Extema Program Memory Space and
Data Memory space.

C 256 Bytes of On-Chip Data RAM.

C 32 Programmable I/O Lines.

© Three 16 Bit Timer/Counters. ‘ L
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C Power control Modes. nnnnnr‘rnnnn it
— Idile Mode

44PLCC Unit : mm

— Power Down Mode
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O 6 intertupt sources.

O TTL and CMOS Compatible Logic Levels.
O MCS-51 Fully Compatible Instruction set.
© ONCE™( ON—Circuit Emulation) Mode,

(s aose'e

§

oNnnNonAanOoaney
'
.
|
'
—————
I
|
1
]

O

|
MUUUU?UUUT%
9.080(1.270)
.

i e

[ ] MAXIMUM RATINGS ’ I

© Ambient temperature under Bias ;0°C ~ +70°C

O Storage temperature ; —85C~+150°C

© Vdtage on any pin to Vss ; —05°C ~Voc+05V
O Maximum |l o per /0 pin ;15mA

© Power dissipation ;15W
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(0 BLOCK DIAGRAM

-
|
' ]
! |
, I
Vee |
- i
[!si: ADDR !
RAM 0
= | |REGBTER t_—_ﬂ AM J :
| ﬂ |
|
! !
' t
! |
! |
! l B ‘I
| | REGISTER i
5 f
! i
! |
! ]
1 |
' 1
' ]
] i
I ]
! i
' :
l |
! :
i
; |
| i
! 1
' )
[} [}
PSEN = § '
ALE= I\ND é K 'i
) N
EA <771 conTROL ' !
RST=~1— 2 :
V =) .
R :
1 .
, | oscuLaTor
1
I

]

i

]

I

i

. , g

xraul XAz - e o)
U P1.0—P1.7 X 3

396
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_ DESCRIPTION

The DAEWOO 60C32/60C52 is a high-performance micro controller fabricated with DAEWQO high-density
CMOS technology. The DAEWOO CMOS technology oomblnes the high speed and density cl'\aractmsﬁcs of
MOS with the low power attributes of CMOS.

The 60C52 contains a 8K X 8ROM, a 256 x8 RAM, 32 1/0 lines, Three 16-bit counter/timers, a six source,
two-priority level nested interrupt structure, a serial I/0O port for either multi-processor communication, 1/O ex-
pansion or full duplex UART, and on-chip oscillator and clock circuits.

In adkition, the device has two software selectable modes of power reduction ide mode and power down
mode.- The idle mode freezes the CPU while allowing the RAM, timers, serial port, and interrupt system to con-

., tinue functioning.

The power-down mode saves the RAM contents but freezes the oscillator, causing all other chip functions to
be inoperative. ‘ '

i PIN CONFIGURATION

—
T2/P10 [1] 40 Vec
T2EX/P11 [2) 38) P0.0/ADO
P0.1/AD1 g 288
P12 3] [38] Po. gp é 222
P13 3} 31 PO.2/AD2 ta8Sg, 43599
- Lo . o e S oo
pal8] - [3Pos/ans L 23EEE S ~
o jot Ie o} i I3y lol et 1l R
) .. . |3s]P0.4/AD4 . LS T N G Nt s i RO
eis [g] oo ns P15 7] 137 P0.4/AD4
P16 (1] 3gros/ P16[ %3 : . [®]P0.5/ADS
P17 8] 133] Po.6/Ds PLI[E3 [37]P0.6/ADS
rst 9] ‘[#Ero/a07 RST[ 13 ' [%]P0.7/AD7
RxD/P3.0 E 40DIP E EA/Vpp RxD/P3.0[3i3 {3%1EA/Vpp
7x0/P3.1 [T1] [30] ALE/PROG NC L 4“pPLCC LAINC
m/F’32 E Em TXD/P3-1 _.‘g} C-?é: ALEm
|  re/As NTO/P32{1] (%] PSEN
Nripaaly o R NTT/P33 3] : ]P27/A15
LT N F b To/P3A[ 18 (31P2.6/A14
T1/p35 18] (28] P25/A13 T1/P35[31] 5]P2.5/A13
. S e T e B I S e B o Tt SO e o Y i -
Wh/P3.6 [18] 28] P2:4/A12 LA SRS NS N E R
"o /P37 [17 24] P2.3/A11 an~N T4 QN M
EExx>"LEELEL
xTaL2[ig 23| P22/A10 g kX 2329
XTAL1E EP?J/A!’ 2 < q <
Vss @ '_2] P2.0/A8
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s DMC 60C52/32 s

[0 PIN DESCRIPTION

Vee : PINAO(40DIP), PiN44( 44PLCC)
Supply voitage during normal, idle and Power down operations.

Vss | PIN20( 40DIP),, PIN22( 44PLCC)
Circuit ground.

Port0 : PIN32~39( 40DIP), PIN36 ~43(44PLCC)
Port 0 is an 8-bit open drain bi-directional I/0 port.
As an output port each pin can sink several LS TTL inputs.
Pa*tOpinsthattﬁvﬂswﬁttmtoﬂ\anﬁoataﬁinﬂ'\atstateembeusedasﬁdw—hpedmoemm
PutOisdsoﬁwnUﬁdexedbw-adaad&e&aﬂdatahsdhmaomeswextandeganw
Data memory.
In this application it uses strong intemal pullups when emiitting 1’s and can source and sink several LS TTL
inputs. ‘
PmmeutsﬁewdebWesMumnveiﬁwﬁmmmeGOCIﬂextm\dmr&dstus&ere
quired during program verification.

Por 1 : Pin 1~8(40DIP), PIN2~9( 44PLCC)
Port 1 output buffers can drive LS TTL inputs.
Port 1 is an 8~bit bidirectional 1/O port with internal pullups.
Port 1 pins that have 1s written to them are pulled high by the intemal pullups, and in that state can be
used as inputs. As inputs, Port 1 pins that are externally being pulled low will source current because of
the intemal pullups.
In addition, Port 1 servesﬂ'eﬁmﬁonsofmefolowingspedalfeamresofm%(ﬁz.

Port Pin Alternate Function
P1.0 T2(External Count Input to Timer/Counter2)
P1.1 T2EX( Timer/Counter2 Capture/Reload Trigger and Direction Control)

Port 1 _reoeives the low-order address bytes during ROM verification.
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s DMC 60C52/32 e

0J PIN DESCRIPTION (Continued)

Port 2 : PIN21~28( 40DIP), PIN24 ~31( 44PLCC)
Port 2 is an 8-bit bidirectional I/O port with internal pukups. The port 2 output buffers can drive LS TTL
routs. .
Port 2 pins that have 1s written to them are pulled high by the intemal pulkups, and in that state can be-
used as input. .
As inputs, Part 2 pins that are extemally being pulled low will source current because of the internal
pulups. _
Port2aﬁtsmeﬁdwadaadd-esbytemﬁngfetdesﬁomextandegamMemmdmdmac-
cesses to extenal Data Memory that use 16-bit addresses( MOVX @ DPTR). In this application it uses
strong intemal pulups when emitting 1s. During accesses to external Data Memory that use 8-bit
addresses{ MOVX @ Ri), Port 2 emits the contents of the P2 Spedial Function Register.

Port3 : PIN10~17( 40DIP), PIN13~19( 44PLCC)-
Port 3 is an 8-bit bidirectional |/0 port with intemal puliups.
. ﬂwepQ13oumb\1ffa'scandriveLSTTLinput Port 3 pins that have 1s written to them are pulled high
by the intemal pullups, and in that state can be used as inputs. As inputs, Port 3 pins that are extemnally
being pulled low will source current because of the pullups.

Port 3 also serves the function of various special feature of the MCS-51 Family, as listed below;

Port PN PIN NO. Alternate Function
P30 10 RyD( Serial input port)
P31 11 T D Serial output port)
P32 12 INTO ( external interrupt 0)
P33 13 INTT ( extemal interrupt 1)
P34 | 14 TO( Timer 0 external input)
P35 | 15 T1( Timer 1 external input)
P36 | 16 WR ( external data memory write strobe)
P37 | 17 RD ( external data memory read strobe)

RST : PIN 9(40DIP), PIN10( 44PLCC)
Reset input. A high on this pin for two machine cycles while the ascilator is running resets the device.
~ Aninternal pulldown resistor permits a Power-On reset with only a Capacitor connected to Ve,
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] PIN DESCRIPTION (Continued)

ALE : PIN30(40DIP), PIN33( 44PLCC)
Address Latch Enable output pulse for latching the low byte of the address during accesses to external
memory.
In normal operation ALE is emitted at a constant rate of 1/6 the oscilator frequency, and may be used for
external timing or clocking purposes. ,
Note;howgver, that one ALE puise is skipped during each access to extemal Data Memory.
THspinisdsoﬂweprogranMéeirn:t(%GdtﬁngEPROM programming.

PSEN : PIN29( 40DIP), PIN32( 44PLCC)
‘Program Store Enable is the read strobe to external Program memory. When the 60C52 is executing
" code from external Program Memory, PSEN is activated twice each machine cycle, except that two
PSEN activations are skipped during each access to external Data Memory. PSEN 'is not activated during
fetches from intemal program memory.

|
|

m
b2

: PIN31( 40DIP), PIN35( 44PLCC)

Extemnal Access enable. EA must be strapped to Vss in order to enable the device to fetch code from ex-
temal Program Memory locations starting at 0000H up to FFFFH. If EA is strapped to Ve the device ex-
ecutes from intemal Program memory unless the program counter contains an address greater than
OFFFH. o : : o

XTAL1 : PIN19(40DIP), PIN21( 44PLCC)

Input to the inverting oscillator amplifier and input to the intemal clock generator circuits.

XTAL2 : PIN18(40DiP), PIN20( 44PLCC)
Output from the inverting osaillator amplifier
o Crystal Oscillator

C

_E 30pF ! r—- XTAL1

Vss

30pF L _{xraL2

NC : PINt, 12, 23, 34(44PLCC)
Non connection pins.
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(] IDLE MODE
Intheldemodaﬂ'\eCF’Uptmsimdftosleq:wl'iledlﬂ’\emdippe'ipherdsstayacﬁve.Thei_rsvmtimﬁ'natin—
vokes the Idle mode is the lasst instruction executed in the normal operation mode before Idie mode is activated
Theoontentofﬁ\eon-dwibRAMawdallmeSpecialFuncﬁonRegiste'sremainhtactd\Mngtl'ismodeTheldle

~ mode can be terminated either by any enabled interrupt, at which time the process is picked up at the interrupt
service routine and continued, or by a hardware reset which starts the processor the same as a power on
reset

J POWER DOWN MODE \
In the Power Down mode the oscillator is stopped, and the instruction that invokes Power Down is the last in-
struction exéouted. The on-chip RAM and Special Function Registers retain their values until the Power Down
mode s terminated ' ' ’ '
The only exit from Power Down is a hardware reset. Reset redefines the SFRs but does not change the on-
chip RAM. The reset should not be activated before Ve is restored to its normal operating level and must be
_held active long enough to allow the oscillator to restart and stabiize.

The contral bits for the reduced power modes are in the Special Function Register PCON.

Table. Status of the external pins during Idie and Power Down modes.

I
Program S
Mode ALE PSEN PORT 0 PORT 1 PORT 2 PORT 3
Memory ; :
ide — 1 Data Data .| Data Data
ide Extermal 1 1 Float Data Address Data
Power Down Intemal 0 0 Data Data Data Data
Power Down Extemal 0 0 Float Data Data Data
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(] ELECTRICAL CHARACTERISTICS(DC)

(T, =0C~70C or —40°C ~85°C, Vec=5V+20%, Vss=0V)

TEST LIMITS
SYMBOL PARAMETER UNIT
CONDITIONS | MIN TYP | MAX
V. |input low voitage, except EA —-05 0.2Vee—0.11 V
Vs |Input low voitage to EA 0 02Vee—03| Vv
Ve |Input high voltage, except XTAL1, RST 0.2Vee+0.9 Voc+05 |V
Ve | Inout high voltage to XTAL1, RST 0.7Vee Voe+05 | v
Vo | Output low voitage to ports 1, 2, 3 lo. =1.6mA 0.45 v
Vo | Output low voltage toport 0, ALE, PFSEN |1 =32mA 045 v
Vo |Outputhighvoltage toports 1,2, 3, ALE, |l =—60zA | Voo—03 v
PSEN lon=—30zA | Voc—07 Vv
lou=—10/A | Vcc—15 Y,
Vorn | Output high voltage loy=—2004A| Voc—03 v
(port 0 in external bus mode) low==32mA | Vcc—0.7 \%
loy=—70mA | Vcc—15 \
I, |Logical O input curent toports 1,2,3 | Viy=045V -10 50 | A
In | Logical 1-to-0 transition cument toparts 1,2,3 | iy =2V 265 | —650 | A
I, |Input leakage current to port 0, EA 0< ViwVec 0.02 £10 | 4A
lec | Power supply current
Active mode @ 12MHz 15 0 | mA
ide mode @ 12MHz 5 75 mA
Power down mode 5 75 LA
Resr | Internal reset pull-down resistor o | 0 25 | kom |
Co |Pin capacitance i 10 oF
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[] ELECTRICAL CHARACTERISTICS(AC)
(T, =0°C~707C or —40°C ~85°C, Vec=5V+20%, Ves=0V)

12MHz CLOCK | VARIABLE CLOCK '
SYMBOL| FIGURE PARAMETER UNIT
MIN | MAX MIN MAX
1/taa 9sd|lator frequency : Speed Ver- 45 1 MHz
] sions 60C52
L thw 1 | ALE puise width 127 2o —40 ns
| tan 1 Address valid to ALE low 43 taq—40 ns
 tua 1 | Address hold after ALE low 53 taq—30 ns
| tuy 1 | ALElow to vaiid instruction in 234 ftao—10 | s
tup 1 ALE low to PSEN low 53 taa—=30 ns
Tren 1 PSEN pulse width 205 | 3tgq—45 ns
teuy 1 PSEN low to valid instruction in 145 3tqq—105 ns
trxx 1 Input instruction hold after PSEN 0 0 ns
tr 1 Input instruction float after PSEN 59 tea—25 ns
taw 1 Address to vaid instruction in 312 5taq—105 | ns
thaz 1 PSEN low to address float 10 10 ns
Data Memary '
L 2,3 | RD puise width 400 Btag—100° ns
twiom 2,3 | WR pulse width 400 6ty — 100 ns
trov 2,3 | RD low to valid data in 252 5tyq—165 ns
teox | 2,3 | Datahod after RD 0 0 ns
| tao 2,3 | Data float after RD 107 | 2tgq —80 ns
tuov 2,3 | ALE low to valid data in 517 8tqq —150 ns
t avov 2,3 | Address to valid data in | 585 9teq—165 | ns
tuw 2,3 | ALElow to RDor WRlow 200 300 | 3tgq —50 | 3tyq +50 ns
taw 2,3 | Address vaidto WR low or RD low 203 4t 4 —130 ns
. tawsx 2,3 | Datavalidto WR transition | 33 tyq —50 ns
' twax | 2,3 | Datahod after WR |33 taq —50 ns
tow | 2,3 | Datavaidto WR High 433 Ttaa—150 | ns
tanz . 2,3 | RD low to address float 0 0 ns
_twwn | 2,3 | RDor WR highto ALE high 43 | 123 |tgq—40 | teq—40 ns
i Extemal Clock
taex 4 High time -20 20 ns
tacx 4 Low time 20 20 ns
tao 4 | Risetime , 20 L2 ns
toa 4 | Falltime 20 | | 2 ns
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] ELECTRICAL CHARACTERISTICS(Continued)
(T.=0C~70°C or —40C ~85TC, V.=5V+£20%, V,=0V)

16MHz CLOCK | VARIABLE CLOCK

SYMBOL | FIGURE PARAMETER UNIT
) MIN MAX MiIN MAX
1/taa. Oscillator frequency : Speed Versions o 35 16 MHz
' | 60C52
Tinir 1 ALE pulse width 85 2t —40 ns
tavin, 1 | Address valid to ALE low 23 toc,— 40 ns
tiiax 1 Address hold after ALE low 33 1 taa—30 . ns
tuw 1 | ALE low to valid instruction in 150 4t —100 | ns
tio, 1 ALE low to PLEN low 23 too—40 ns
torn 1 PSEN pulse width 143 3t —45 ns
Ty 1 SPEN low to valid instruction in , 83 3 3taa—105 ns
texix 1 Input instruction hold after PSEN 0 0 ns
Lexiz 1 Input instruction float after PSEN o 38 taa—25 ns
Tavy, 1 Address to valid instruction in 208 | ‘ | Btaa—105 | ns
Tz 1 PSEN low to address float 10 10 ns
Data memory ' . }
twas | 2,3 |RD pulse width v 275 Bteic.— 100 ns
twiws | 2, 3 | WR puise width ‘ 275 6tc.q.— 100 ns
triov 2, 3 | RDlow to valid data in 148 | 5taa—165 | ns
trunx 2,3 -Data hold after RD 0 0 ns
trunz 2, 3 | Data fioat after RD 55 2t —T0 ns
tupy | 2, 3| ALE low to velid data in | -3%0 . 8taa—150 | ns
taoy | 2,3 . | Address to valid data in - 398 9taa—165 | ns
tuw. | 2.3. | ALE low to RD or WR:low ‘_ 138 238 | 3taa—50 | 3taca+50 ns
tww. | 2,3 | Address valid to WR fow or RD low 120 4t 0.— 130 ns
tovwy 2, 3 | Data valid to WRtransition 13 taa—50 ns
twnex | 2, 3 |Datahold after WR 13 - taa.~50 ns
towwn | 2, 3 | Data valid to WR High 288 - | Ttawn.— 150 ns
tuaz | 2,3 |RD low to address float 0 . _ 0 ns
twwn | 2. 3 | RDor WR high to ALE high v 23 103 tya—40 | teo+40 ns
External Clock '
Tenex 4 High time 20 20 ns
teorex 4 Low time 20 20 ns
toren 4 Rise time 20 20 ns
Teucr, 4 Fall time 20 20 ns
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[} TIMING DIAGRAM
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) Figure 1. External Program Memory Read Cycle
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" Figure 2. External Data Memory Read Cycle
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[ TIMING DIAGRAM (Continued)

P twnu

po—— twe twLwn
WR
Y
N /
tuiax ,
tavie tovwx - Twhox
' A0—A7
PORTO m RIORDPL, DATA OUT A0-A7 FROM PCL INSTR IN
RS
L
PORT2 ><\ P2.0—P2.7 OR A8—A15 FROM DPH X A0—A15 FROM PCH

Figure 3. External Data Memory Write Cycle

Figure 4. External Clock Drive

Ve 05 )
“ 02VecH09 viowos POV A TIMING /
: Viow REFERENCE
02V 01 - : Voo™V N 7 vo OV

0.45v
NOTE : NOTE :
AC Inputs during mm are driven at Voc-0.5 for a logic ‘1’ For timing purposes, a port is no longer floating when a
and 045V for a quuc 0", Timing measurements are made at 100mV change from load voltage occurs, and begings to
Vs min for a logic ‘1’ and Vi foralogic 0°° - float when a 100mV change from the loaded Von/Va. level
ocewrs. low/lo = +20mA.

Figure 6. Float Waveform

Figure 5. AC Testing input/Output
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] TIMING DIAGRAM (Continued)
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kemA 20 ,/
/ TYP ACTIVE MODE

V MAX ACTIVE MODE

5 > MAX IDLE MODE
__________,—-—_,__—-
TYP IDLE MODE
4MHz 8MHz 12MHz 16MHz
FREQ AT XTAL1

Figure 7. L vs. FREQ
Valid only within frequency specifications

of the device under test
Vor Ve
foc - kc
' JJ
vee Voo RST Vee
T— RST Po <: _|-__ PO d
EA = EA
(NC) ———{ XTAL2 ] (NC) XTAL2 l
CLOCK SIGNAL——={XTAL1 CLOCK SIGNAL——{ XTAL1 =
[E [E
Figure 8. I Test Condition, Active Mode Figure 9. lc Test Condition, idle Mode
All other pins are disconnected Al other pins are disconnected
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] TIMING DIAGRAM (Continued)

Figure. 10. Clock Signal Waveform for I Tests in Active and Idle Modes

tai=taa.=5ns
Vce
Icc
. ... Vee
RST Vee
1 oK
- EA
(NC) XTAL2 I
XTAL1 =
Vss
Figure 11. lc Test Condition, Power down Mode
All other pins are discqnnected. V=2V to 5.5V
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