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DO NOT USE THIS PRODUCT IN LIFE SUPPORT SYSTEMS.

LIFE SUPPORT POLICY
ZILOG’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE 
SUPPORT DEVICES OR SYSTEMS WITHOUT THE EXPRESS PRIOR WRITTEN APPROVAL OF 
THE PRESIDENT AND GENERAL COUNSEL OF ZILOG CORPORATION. 

As used herein
Life support devices or systems are devices which (a) are intended for surgical implant into the body, or (b) 
support or sustain life and whose failure to perform when properly used in accordance with instructions for 
use provided in the labeling can be reasonably expected to result in a significant injury to the user. A criti-
cal component is any component in a life support device or system whose failure to perform can be reason-
ably expected to cause the failure of the life support device or system or to affect its safety or effectiveness.

Document Disclaimer
©2012 Zilog, Inc. All rights reserved. Information in this publication concerning the devices, applications, 
or technology described is intended to suggest possible uses and may be superseded. ZILOG, INC. DOES 
NOT ASSUME LIABILITY FOR OR PROVIDE A REPRESENTATION OF ACCURACY OF THE 
INFORMATION, DEVICES, OR TECHNOLOGY DESCRIBED IN THIS DOCUMENT. ZILOG ALSO 
DOES NOT ASSUME LIABILITY FOR INTELLECTUAL PROPERTY INFRINGEMENT RELATED 
IN ANY MANNER TO USE OF INFORMATION, DEVICES, OR TECHNOLOGY DESCRIBED 
HEREIN OR OTHERWISE. The information contained within this document has been verified according 
to the general principles of electrical and mechanical engineering. 

Z8051 is a trademark or registered trademark of Zilog, Inc. All other product or service names are the 
property of their respective owners.
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7.12 Internal Flash Rom Characteristics 

Table 7-12 Internal Flash Rom Characteristics 
(TA= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V, VSS= 0V) 

Parameter Symbol Condition MIN TYP MAX Unit 

Sector Write Time tFSW – – 2.5 2.7 
mS Sector Erase Time tFSE – – 2.5 2.7 

Hard-Lock Time tFHL – – 2.5 2.7 

Page Buffer Reset Time tFBR – – – 5 μS 

Flash Programming Frequency fPGM – 1 – – MHz 

Endurance of Write/Erase NFWE – – – 100,000 Times 

NOTE) During a flash operation, SCLK[1:0] of SCCR must be set to “00” or “01” (INT-RC OSC or Main X-TAL for 
system clock). 

 

7.13 Input/Output Capacitance 

Table 7-13 Input/Output Capacitance 
(TA= -40°C ~ +85°C, VDD= 0V) 

Parameter Symbol Condition MIN TYP MAX Unit 

Input Capacitance CIN fx= 1MHz 
Unmeasured pins are 
connected to VSS 

– – 10 pF Output Capacitance COUT 

I/O Capacitance CIO 
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7.14 Main Clock Oscillator Characteristics 

Table 7-14 Main Clock Oscillator Characteristics 
(TA= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V) 

Oscillator Parameter Condition MIN TYP MAX Unit 

Crystal Main oscillation frequency 
1.8V – 5.5V 1.0 – 4.2 

MHz 2.7V – 5.5V 1.0 – 10.0 

3.0V – 5.5V  1.0 – 12.0 

Ceramic Oscillator Main oscillation frequency 
1.8V – 5.5V 1.0 – 4.2 

MHz 2.7V – 5.5V 1.0 – 10.0 

3.0V – 5.5V  1.0 – 12.0 

External Clock XIN input frequency 
1.8V – 5.5V 1.0 – 4.2 

MHz 2.7V – 5.5V 1.0 – 10.0 

3.0V – 5.5V  1.0 – 12.0 

 

 

XIN XOUT

C1 C2
 

 

Figure 7.8 Crystal/Ceramic Oscillator 
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Figure 7.9 External Clock 

 
  



Z51F3221 
Product Specification 

    

PS030002-0212 P R E L I M I N A R Y 37 

7.15 Sub Clock Oscillator Characteristics 

Table 7-15 Sub Clock Oscillator Characteristics 
(TA= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V) 

Oscillator Parameter Condition MIN TYP MAX Unit 

Crystal Sub oscillation frequency 
1.8V – 5.5V 

32 32.768 35 kHz 

External Clock SXIN input frequency 32 – 100 kHz 

 

 

SXIN SXOUT

C1 C2

0.1uF

VREG

 
 

Figure 7.10 Crystal Oscillator 
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Figure 7.11 External Clock 
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7.16 Main Oscillation Stabilization Characteristics 

Table 7-16 Main Oscillation Stabilization Characteristics 
(TA= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V) 

Oscillator Parameter MIN TYP MAX Unit 

Crystal fx > 1MHz 
Oscillation stabilization occurs when VDD 
is equal to the minimum oscillator voltage 
range. 

– – 60 mS 

Ceramic – – 10 mS 

External Clock fXIN = 1 to 12MHz 
XIN input high and low width (tXH, tXL) 

42 – 500 nS 

 

tXHtXL

XIN

0.2VDD

0.8VDD

1/fXIN

 
Figure 7.12 Clock Timing Measurement at XIN 

 

7.17 Sub Oscillation Characteristics 

Table 7-17 Sub Oscillation Stabilization Characteristics 
(TA= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V) 

Oscillator Parameter MIN TYP MAX Unit 

Crystal – – – 10 S 

External Clock SXIN input high and low width (tXH, tXL) 5 – 15 μS 

 

tXHtXL

SXIN

0.2VDD

0.8VDD

1/fSUB

 

Figure 7.13 Clock Timing Measurement at SXIN 
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7.18 Operating Voltage Range 

 

1.8

1.0MHz

3.0 5.5

10.0MHz

12.0MHz

(Main OSC frequency)

2.7

Supply voltage (V)

4.2MHz

1.8 5.5

32.768KHz

Supply voltage (V)

(Sub OSC frequency)

 
 

Figure 7.14 Operating Voltage Range 
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7.19 Recommended Circuit and Layout 

 

{         }

M
C96F6832/F6632

XOUT

XIN

I/O

VSS

VDD

High-Current Part
Infrared LED,
FND(7-Segment),
,,,,,
etc

{         }
0.01uF

VCC

0.1uF

This 0.1uF capacitor should be within 
1cm from the VDD pin of MCU on the 
PCB layout.

{         }This 0.01uF capacitor is alternatively 
for noise immunity.

X-tal

SXOUT

SXIN

32.768kHz

The main and sub crystal should be 
as close by the MCU as possible.

VREG
0.1uF

The VREG pin is the output of an internal regulator for sub oscillator.
So, this 0.1uF capacitor is needed and should be as close by the MCU 
as possible if the sub clock is used for system.

+
0.1uF

VDD VCC

{         }
The MCU power line (VDD and VSS) 
should be separated from the high-
current part at a DC power node on 
the PCB layout.

DC Power

The load capacitors of the sub clock  
- C1, C2: CL x 2 ± 15%
- CL = (C1 x C2)/(C1 + C2) - Cstray
- CL: the specific capacitor value of crystal
- Cstray: the parasitic capacitor of a PCB (1pF – 1.5pF)

C1

C2

 
 

Figure 7.15 Recommended Circuit and Layout 
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7.20 Typical Characteristics 

These graphs and tables provided in this section are only for design guidance and are not tested or guaranteed. 

In graphs or tables some data are out of specified operating range (e.g. out of specified VDD range). This is only 

for information and devices are guaranteed to operate properly only within the specified range. 

The data presented in this section is a statistical summary of data collected on units from different lots over a 

period of time. “Typical” represents the mean of the distribution while “max” or “min” represents (mean + 3σ) and 

(mean - 3σ) respectively where σ is standard deviation. 

 

 

Figure 7.16 RUN (IDD1 ) Current 

 

 

Figure 7.17 IDLE (IDD2) Current 
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Figure 7.18 SUB RUN (IDD3) Current 

 

 

Figure 7.19 SUB IDLE (IDD4) Current 
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Figure 7.20 STOP (IDD5) Current 
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8. Memory 
 

The Z51F3221 MCU addresses two separate address memory stores: Program memory and Data memory. The 

logical separation of Program and Data memory allows Data memory to be accessed by 8-bit addresses, which 

makes the 8-bit CPU access the data memory more rapidly. Nevertheless, 16-bit Data memory addresses can 

also be generated through the DPTR register.  

The Z51F3221 MCU provides on-chip 32k bytes of the ISP type flash program memory, which can be read and 

written to. Internal data memory (IRAM) is 256 bytes and it includes the stack area. External data memory 

(XRAM) is 1k bytes and it includes 40 bytes of LCD display RAM. 

8.1 Program Memory 

A 16-bit program counter is capable of addressing up to 64k bytes, but this device has just 32k bytes program 

memory space.  

Figure 8-1 shows the map of the lower part of the program memory. After reset, the CPU begins execution from 

location 0000H. Each interrupt is assigned a fixed location in program memory. The interrupt causes the CPU to 

jump to that location, where it commences execution of the service routine. External interrupt 10, for example, is 

assigned to location 000BH. If external interrupt 10 is going to be used, its service routine must begin at location 

000BH. If the interrupt is not going to be used, its service location is available as general purpose program 

memory. If an interrupt service routine is short enough (as is often the case in control applications), it can reside 

entirely within that 8 byte interval. Longer service routines can use a jump instruction to skip over subsequent 

interrupt locations, if other interrupts are in use. 
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FFFFH

0000H

32k Bytes

7FFFH

 
 

Figure 8.1 Program Memory 

 

- 32k Bytes Including Interrupt Vector Region 
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8.2 Data Memory 

Figure 8-2 shows the internal data memory space available. 

FFH

80H

Upper 128 Bytes
Internal RAM

(Indirect Addressing )

Lower 128 Bytes
Internal RAM

(Direct or Indirect 
Addressing )

7FH

00H

FFH

80H

Special Function Registers
128 Bytes

(Direct Addressing)

 
 

Figure 8.2 Data Memory Map 

 

The internal data memory space is divided into three blocks, which are generally referred to as the lower 128 

bytes, upper 128 bytes, and SFR space. 

Internal data memory addresses are always one byte wide, which implies an address space of only 256 bytes. 

However, in fact  the addressing modes for internal RAM can accommodate up to 384 bytes by using a simple 

trick. Direct addresses higher than 7FH access one memory space and indirect addresses higher than 7FH 

access a different memory space. Thus Figure 8-2 shows the upper 128 bytes and SFR space occupying the 

same block of addresses, 80H through FFH, although they are physically separate entities. 

The lower 128 bytes of RAM are present in all 8051 devices as mapped in Figure 8-3. The lowest 32 bytes are 

grouped into 4 banks of 8 registers. Program instructions call out these registers as R0 through R7. Two bits in 

the Program Status Word select which register bank is in use. This allows more efficient use of code space, since 

register instructions are shorter than instructions that use direct addressing. 

The next 16 bytes above the register banks form a block of bit-addressable memory space. The 8051 instruction 

set includes a wide selection of single-bit instructions, and the 128 bits in this area can be directly addressed by 

these instructions. The bit addresses in this area are 00H through 7FH. 

All of the bytes in the lower 128 bytes can be accessed by either direct or indirect addressing. The upper 128 

bytes RAM can only be accessed by indirect addressing. These spaces are used for data RAM and stack. 
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Bit Addressable

7FH

General Purpose
Register

30H

80 Bytes

2FH

20H

16 Bytes
(128bits)

Register Bank 3
(8 Bytes)

1FH

18H

8 Bytes

Register Bank 2
(8 Bytes)

17H

10H

8 Bytes

Register Bank 1
(8 Bytes)

0FH

08H

8 Bytes

Register Bank 0
(8 Bytes)

07H

00H

8 Bytes

R7

R6

R5

R4

R3

R2

R1

R0

7F 7E 7D 7C 7B 7A 79 78

77 76 75 74 73 72 71 70

6F 6E 6D 6C 6B 6A 69 68

67 66 65 64 63 62 61 60

5F 5E 5D 5C 5B 5A 59 58
57 56 55 54 53 52 51 50

4F 4E 4D 4C 4B 4A 49 48

47 46 45 44 43 42 41 40

3F 3E 3D 3C 3B 3A 39 38

37 36 35 34 33 32 31 30

2F 2E 2D 2C 2B 2A 29 28

27 26 25 24 23 22 21 20

1F 1E 1D 1C 1B 1A 19 18

17 16 15 14 13 12 11 10

0F 0E 0D 0C 0B 0A 09 08
07 06 05 04 03 02 01 00

 
 

Figure 8.3 Lower 128 Bytes RAM 

 
  



Z51F3221 
Product Specification 

    

PS030002-0212 P R E L I M I N A R Y 48 

8.3 XRAM Memory 

The Z51F3221 MCU features 1k bytes XRAM. This area has no relation with RAM/Flash. It can be read and 

written to  through SFR with 8-bit unit. 

 

LCD Display RAM
0000H

External RAM
1k Bytes

(Indirect Addressing )

03FFH

0028H
0027H

 
 

Figure 8.4 XDATA Memory Area 
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8.4 SFR Map 

8.4.1  SFR Map Summary 

Table 8-1 SFR Map Summary 

 

 

 

 00H/8H(1) 01H/9H 02H/0AH 03H/0BH 04H/0CH 05H/0DH 06H/0EH 07H/0FH 

0F8H IP1 – FSADRH FSADRM FSADRL FIDR FMCR – 

0F0H B PFSR3 PFSR4 PFSR5 PFSR6 PFSR7 PFSR8 LVRCR 

0E8H P9CDR P0DB P1DB LCDCRL LCDCRH PFSR0 PFSR1 PFSR2 

0E0H ACC LVICR UARTCR1 UARTCR2 UARTCR3 UARTST UARTBD UARTDR 

0D8H P8 OSCCR P4PU P5PU P6PU P7PU P8PU – 

0D0H PSW P8IO P8OD – P0PU P1PU P2PU P3PU 

0C8H P7 P7IO T1CR T1CNT T1DRL T1DRH CARCR P7OD 

0C0H P6 P6IO T3CR TIFR T3CNTL T3CNTH 
T3DRL/ 
T3CDRL 

T3DRH/ 
T3CDRH 

0B8H IP P5IO T2CR P6OD T2CNTL T2CNTH T2DRL T2DRH 

0B0H P5 P4IO T0CR T0CNT 
T0DR/ 
T0CDR 

SIOCR SIODR SIOPS 

0A8H IE IE1 IE2 IE3 EIENAB0 EIFLAG0 EIEDGE0 EIPOL0 

0A0H P4 P3IO EO EIENAB1 EIFLAG1 EIEDGE1 EIPOL1 P5OD 

98H P3 P2IO ADCCRL ADCDRL ADCDRH ADCCRH WTCR 
WTDR/ 
WTCNT 

90H P2 P1IO P0OD P1OD P2OD P3OD P4OD BUZCR 

88H P1 P0IO SCCR BITCR BITCNT WDTCR 
WDTDR/ 
WDTCNT 

BUZDR 

80H P0 SP DPL DPH DPL1 DPH1 RSTFR PCON 

NOTE) These registers are bit-addressable. 

 
  

- Reserved 

 M8051 compatible  
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8.4.2  SFR Map 

Table 8-2 SFR Map 

Address Function Symbol R/W 
@Reset 

7 6 5 4 3 2 1 0 

80H P0 Data Register P0 R/W 1 1 0 0 0 0 0 0 

81H Stack Pointer SP R/W 0 0 0 0 0 1 1 1 

82H Data Pointer Register Low DPL R/W 0 0 0 0 0 0 0 0 

83H Data Pointer Register High DPH R/W 0 0 0 0 0 0 0 0 

84H Data Pointer Register Low 1 DPL1 R/W 0 0 0 0 0 0 0 0 

85H Data Pointer Register High 1 DPH1 R/W 0 0 0 0 0 0 0 0 

86H Reset Flag Register RSTFR R/W 1 x 0 0 1 – – – 

87H Power Control Register PCON R/W 0 – – – 0 0 0 0 

88H P1 Data Register P1 R/W – 0 0 0 1 0 0 0 

89H P0 Direction Register P0IO R/W 1 1 0 0 0 0 0 0 

8AH System and Clock Control Register SCCR R/W 0 0 – – – – 0 0 

8BH Basic Interval Timer Control Register BITCR R/W 0 – – – 0 0 0 1 

8CH Basic Interval Timer Counter Register BITCNT R 0 0 0 0 0 0 0 0 

8DH Watch Dog Timer Control Register WDTCR R/W 0 0 0 – – – – 0 

8EH 
Watch Dog Timer Data Register WDTDR W 1 1 1 1 1 1 1 1 

Watch Dog Timer Counter Register WDTCNT R 0 0 0 0 0 0 0 0 

8FH BUZZER Data Register BUZDR R/W 1 1 1 1 1 1 1 1 

90H P2 Data Register P2 R/W 1 1 1 1 1 0 0 0 

91H P1 Direction Register P1IO R/W – 0 0 0 1 0 0 0 

92H P0 Open-drain Selection Register P0OD R/W 1 1 0 0 0 0 0 0 

93H P1 Open-drain Selection Register P1OD R/W – 0 0 0 1 0 0 0 

94H P2 Open-drain Selection Register P2OD R/W 1 1 1 1 1 0 0 0 

95H P3 Open-drain Selection Register P3OD R/W – 0 0 0 0 0 0 – 

96H P4 Open-drain Selection Register P4OD R/W 0 0 0 0 0 0 0 0 

97H BUZZER Control Register BUZCR R/W – – – – – 0 0 0 

98H P3 Data Register P3 R/W – 0 0 0 0 0 0 – 

99H P2 Direction Register P2IO R/W 1 1 1 1 1 0 0 0 

9AH A/D Converter Control Low Register ADCCRL R/W 0 0 0 0 0 0 0 0 

9BH A/D Converter Data Low Register ADCDRL R x x x x x x x x 

9CH A/D Converter Data High Register ADCDRH R x x x x x x x x 

9DH A/D Converter Control High Register ADCCRH R/W 0 – – – – 0 0 0 

9EH Watch Timer Control Register WTCR R/W 0 – – 0 0 0 0 0 

9FH 
Watch Timer Data Register WTDR W 0 1 1 1 1 1 1 1 

Watch Timer Counter Register WTCNT R – 0 0 0 0 0 0 0 
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