Section 22 Electrical Characteristics

22.1  Absolute Maximum Ratings

Table 22.1 shows the absolute maximum ratings.

Table 22.1 Absolute Maximum Ratings

Item Symbol Rating Unit
Power supply voltage Ve -0.3t0 +7.0 Vv
Programmable voltage (FZTAT version only) Vee -0.3t0 +135 \Y
Input voltage (other than A/D ports) Vin -0.3to V. +0.3 A
Input voltage (A/D ports) vV, -0.3t0 AV, +0.3 \
Analog supply voltage AV —0.3t0 +7.0 \
Analog reference voltage (QFP-144 only) AV, -0.310 AV, + 0.3 Vv
Analog input voltage Van —-0.3t0 AV, + 0.3 \
Operating temperature Toor -20to +75 ‘C
Storage temperature Tstg —55t0 +125 'C
Note: Operating the LSI in excess of the absolute maximum ratings may result in permanent
damage.
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22.2  DC Characteristics—Preliminary

Table 22.2  DC Characteristics (Conditions: Ve = 5.0 V + 10%, AVqc = 5.0 V + 10%, AVe
= Vet 10%, AV, 4.5 V 10 AV, Vgs = AV = 0V, Ta = —20 to +75° C)

Measurement
Item Pin Symbol Min Typ Max Unit Conditions
input high- RES, NMI, MD3- V|, Vee—07 — Vi+03 V. —
level MDO, PA2, PA5,
voltage PA6-PA9, PEO-
PE15
EXTAL Veex07 — V403 V. —
A/D port 2.2 —  AV,+03V —
Other input pins 22 —  Ve+03 V. —
Input low- RES, NMI, MD3-V,_ -0.3 — 05 vV —
level MDO, PA2, PA5,
voltage PA6-PA9, PEO~
PE15
Other input pins -0.3 — 0.8 v —
Schmitt PA2, PA5, PA6— VT 40 - - v —
trigger PA9, PEO-PE15
input v — — 10 vV -
voltage
VT'-VT 04 - - v -
Input leak RES, NMi, MD3~ 1 lin | — — 1.0 PA Vin=05t0V,-05V
current MDO, PA2, PAS,
PA6-PA9, PEO-
PE15
A/D port — — 1.0 PA Vin=0.51t0 AV,—-0.5V
Other input pins —_ — 1.0 HA Vin=05toV,.-05V

Three-state A21-A0, D31- | lygyl — — 1.0 MA Vin=05t0V,.-05V
leak current DO, CS3-CS0,
(while offfy RDWR, RAS,

CASxx, WRxx,

RD, ports A, B, C,

D,E
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Table 22.2 DC Characteristics (Conditions: Ve =5.0 V+10%, AV, =5.0 V+10%, AV,
=Vecx10%, AV, =45V to AV, Vi = AV =0V, Ta =-20 to +75° C)

(cont)
Measurement
Item Pin Symbol Min Typ Max Unit Conditions
Output All output pins ~ V, Vee=05 — — V  ly.—200 pA
high-level 35 - Vv lOH =-1mA
voltage )
Output low- All output pins ~ V, — — 04 V I|,=16mA
level PE9, PE11-PE15 — — 15 V Iy =15mA
voltage
Input RES Cin — — 60 pF Vin=0V,f=1Mhz,
capaci- NMI _ — 30 pF Ta=25°C
tance
All other input — — 20 pF
pins
Current Ordinary lee — TBD TBD mA =20 MHz
consump- - operation — TBD TBD mA f=24 MHz
tion
— TBD TBD mA =28 MHz
Sleep — TBD TBD mA =20 MHz
— TBD TBD mA f=24 MHz
— TBD TBD mA =28 MHz
Standby — TBD TBD A Ta<50°C
— — TBD A  Ta>50°C
Analog During A/D Al — TBD TBD mA
supply conversion
current  Awaiting A/D — TBD TBD WA
conversion
RAM Vw20 - — Vv
standby
voltage

Notes: 1. When the A/D converter is not used (including during standby), do not release the AV,
AV, and AV, pins. Connect the AV, and AV,,, pins to V. and the AV pin to V.

2. The current consumption is measured when V,,min = V. - 0.5V, V, max =0.5 V, with
all output pins unloaded.
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Table 22.3 Permitted Output Current Values (Conditions: V. = 5.0 V +10%, AV . = 5.0
VE10%, AVee =V £10%, AV, =45 V0 AV, Vis= AV =0V,

Ta =-20 to +75° C)

Item Symbol Min Typ Max Unit
Output low-level permissible current (per pin) ko, — — 2.0 mA
Output low-level permissible current (total) by —_ — 80 mA
Output high-level permissible current (per pin)  —l,, —_ — 2.0 mA
Output high-level permissible current (total) oy — — 25 mA

Notes: 1. PES, PE11-PE15 are IOL = 15 mA (max). Make sure that no more than three of these

pins exceed an Iy of 2.0 mA simultaneously.
2. To assure LSI reliability, do not exceed the output values listed in this table.

223  AC Characteristics—Preliminary

22.3.1 Clock Timing

Table 224  Clock Timing (Conditions: V¢ = 5.0 V + 10%, AVcc = 5.0 V + 10%, AV, =
Veet10%, AV, =4.5V 10 AV, Vs = AV = 0 V, Ta = —20 to +75° C)

Item Symbol Min Max Unit Figures
Operating frequency e 4 28 MHz 221
Clock cycle time tye 35 250 ns
Clock low-level pulse width o 10 — ns
Clock high-level pulse width o 10 — ns
Clock rise time ten — 5 ns
Clock fall time & — 5 ns
EXTAL clock input frequency £ 4 10 MHz 222
EXTAL clock input cycle time Exepe 100 250 ns
EXTAL clock low-level input pulse width ., 40 —_ ns
EXTAL clock high-level input pulse width  t.,,, 40 — ns
EXTAL clock input rise time txm — 5 ns
EXTAL clock input fall time e — 5 ns
Reset oscillation settling time bscs 10 — ms 22.3
Standby return clock settling time bosce 10 — ms
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Figure 22.3 Oscillation Settling Time
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22.3.2  Control Signal Timing

Table 22.5 Control Signal Timing (Conditions: Vo =5.0 V+ 10%, AV = 5.0 V + 10%,
AVec=Vec210%, AV, =45V t0 AV, Vi = AV =0V, Ta = -20 to +75° C)

Item Symbol Min Max Unit Figure
RES riseffall theso trest — 200 ns 224
RES pulse width | 20 — L

NMI reset/setup time tumins 4 — Ly

NM! reset/hold time 4 — e

NM! rise/fall fawner tanay - 200 ns

RES setup time* fess 35 —_ ns 22.4,
NMI setup time* tawis 35 — ns 22.5
IRQ7-1RQO setup time (edge detection) traes 35 — ns
IRQ7—IRQO setup time (level detection) tras 35 — ns

NMI hold time LT, 35 — ns 225
IRQ7-IRQO hold time trcen 35 — ns

IRQOUT hold time tircop — 35 ns 22,6
Bus request setup time teras 35 — ns 22.7
Bus acknowledge delay time 1 facko — 35 ns

Bus acknowledge delay time 2 taackoz — 35 ns

Bus three-state delay time tazo — 35 ns

Note: The RES, NMI, and IRQ7-IRQO signals are asynchronous inputs, but when the setup times
shown here are provided, the signals are considered to have produced changes at clock
rise (for RES) or clock fall (for NMI and IRQ7-IRQ0). If the setup times are not provided,
recognition is delayed until the next clock rise or fall.

Ve

tRest tResr
lt— -+
tress tress
_RE—S -+ P
VIH VlH

* Vi Vi

+— tResw

Figure 22.4 Reset Input Timing
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Figure 22.5 Interrupt Signal Input Timing
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IRQOUT

Figure 22.6 Interrupt Signal Output Timing
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Note: During the bus-release period of a self-refresh, RAS, CASx, and RDWR are output.

Figure 22.7 Bus Right Release Timing
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22.3.3 Bus Timing

Table 22.6 Bus Timing (Conditions: Voe =5.0 V£10%, AVec= Vec £ 10%, AV =45 V

~ AV, Vg = AV =0V, Ta = 20 to +75°C)

Item

Symbol Min Max Unit Figure

Address delay time to TBD 18 ns 228,229, 22.11-
22.16, 22.19

CS delay time 1 tesos - 21 ns 228,229,22.19

CS delay time 2 tosoz — 21 ns

Read strobe delay time 1 thsos — 18 ns 228,229,

Read strobe delay time 2 tasoz — 18 ns 22'1;_22'16'

Read data setup time tos 15 — ns

Read data hold time taon 0 — ns

Write strobe delay time 1 L. TBD 18 ns

Write strobe delay time 2 | TBD 18 ns

Write data delay time tuoo — 35 ns

Write data hold time tuon 0 10" ns

WAIT setup time turs 15 — ns 2210, 22.15,

WAIT hold time fmm 10 — ns 2219

RAS delay time 1 trasos TBD 18 ns 22.11-22.18

RAS delay time 2 trasoz TBD 18 ns

CAS delay time 1 teasos TBD 18 ns

CAS delay time 2 teasps TBD 18 ns

Read data access time tiee® tex(h+2)-30 — ns 228,229

Access time from read strobe 1. tyex(n+15)-30 — ns

Access time from column ta2 t,ex(n+2)-30 — ns 22.11-22.16

address

Access time from RAS taac® L,ex(n+RCD+25)-30 — ns

Access time from CAS teac? t,.x(n+1)-30 — ns

Row address hold time taan t,. x (RCD +0.5) -15 — ns

Row address setup time tsn by x 0.5-17 — ns

Data input setup time s L, x (M+0.5)-25 — ns

Data input hold time o 20 - ns

Notes: 1. t,,, (Max)is a reference value.
2. If the access time is satisfied, t,,s need not be satisfied.

3. n is the number of waits. m is 0 when the number of DRAM waits is 0. Otherwise m is 1.
RCD is the DCR's RCD bit setting value.
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Table 22.7 Bus Timing (Conditions: Ve =5.0V£10%, AV =5.0 V+ 10%, AV =4.5

V to AV, Vgs = AV =0 V, Ta = 20 to +75°C)

ltem Symbo! Min Max Unit Figure
Read/write strobe delay time 1 t,,,, 8D 18 ns 22.11-22.16
Read/write strobe delay time 2 t,,,. T8D 18 ns

High-speed page mode CAS tye — 25 — ns 2216
precharge time

RAS precharge time e tye X (TPC+15)-15 — ns 22.11-22.16
CAS setup time tesn 10 — ns 22.17,22.18
AH delay time 1 L A — 18 ns 22,19

AH delay time 2 L A — 18 ns

Multiplex address delay time 1, — 18 ns

Muitiplex address hold time Yoan 0 — ns

DACK delay time Hackos — 21 ns 22.8,22.9,22.11-

22.16,22.19

Note: TPC is the DCR's TPC bit setting value.
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Note: trpy is specified from the first negate timing for A21-A0, CSn, and RD.

Figure 22.8 Basic Cycle (No Waits)
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Figure 22.9 Basic Cycle (Software Waits)
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Figure 22.10 Basic Cycle (2 Software Waits + Wait due to WAIT Signal)
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Figure 22.12 DRAM Cycle (Normal Mode, 1 Wait, TPC = 0, RCD = 0)
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Note: tgpy is specified from the first negate timing for A21-A0, RAS, and CAS.

Figure 22.13 DRAM Cycle (Normal Mode, 2 Waits, TPC =1, RCD=1)
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Note: tgpy is specified from the first negate timing for A21—-A0, RAS, and CAS.

Figure 22.14 DRAM Cycle (Normal Mode, 3 Waits, TPC =1, RCD=1)

HITACHI

B 4496204 00L5379 718 W

579




CK

A21-AQ

RAS

CASXx
(During read)

RDWR
{During read)

D31-DO
(During read)

CASxx
(During write)

RDWR
(During write)

D31-D0O
(During write)

WAIT

DACKn

RD
(During read)

WRxx
(During write)

Tew2 | Tewo | Tc2
X Column address
trasoz
t —p
, ‘
S/ . X 7‘:
< > tcasD1 tcasp2
— — -
/ N }
N 7]
/ tcac T™ ™ [tros
taa - tRDH
-t tRAC Lt
— -
—_
tcasot tcasp2
— le—
N
_/ N
tawp1 trRwpD2
t
tos < DH —
twop |« »> WDH
> Ly
7/ X D
twrs [twrh twrs| twTh
i
tbackD1 ! ‘7}1 ‘)‘\ tbackp1
tasm tAsDe
—
twsp1 twsp2

;

Note: tgpy is specified from the first negate timing for A21-A0, RAS, and CAS.

Figure 22.15 DRAM Cycle (Normal Mode, 2 Waits + Wait due to WAIT Signal)
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Note: trpy is specified from the first negate timing for A21-A0, RAS, and CAS.

Figure 22.16 DRAM Cycle (High-Speed Page Mode)
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Figure 22.17 CAS Before RAS Refresh (TRAS1 =0, TRASO = 0)
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Figure 22.19 Address Data Multiplex I/O Space Cycle (1 Software Wait + External Wait)
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22.34

Direct Memory Access Controller Timing

Table 22.8 Direct Memory Access Controller Timing (Conditions: V.. =5.0 V + 10%,
AVc=5.0V +£10%, AVeep =45 V1o AV, Vg = AV =0V, Ta=20to

+75°C)
ltem Symbol Min Max Unit Figure
DREQO and DREQ1 setup time )50 18 — ns 22.20
DREQO and DREQ1 hold time  t,qq, 18 — ns
DREQO and DREQ1 pulse width ;00 1.5 — tye 22.21
DRAK output delay time Lrao — 18 ns 22.22
oK \
'brRas
DREQO, \
DREQ1
Level \
tDRQS tDRQH
DREQO,
DREQ1
Edge \
_ lbros
DREQO, /
DREQ1
Level clear

584

Figure 22.20 DREQ0 and DREQ1 Input Timing (1)
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Figure 22.21 DREQO and DREQI1 Input Timing (2)
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Figure 22.22 DRAK Output Delay Time
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2235 Multifunction Timer Pulse Unit Timing

Table 22.9 Multifunction Timer Pulse Unit Timing (Conditions: V¢ =5.0 V + 10%, AV
=50V +10%,AVc=Vct10%, AVper =45 Vt0 AV, Vis = AV =0V, Ta

=20 to +75°C)
Item Symbol Min Max Unit Figure
Output compare output delay time ., — 100 ns 2223
Input capture input setup time trcs 30 — ns
Timer input setup time trexs 35 — ns
Timer clock pulse width (single | S 1.5 — e 22.24

edge specification)

Timer clock pulse width (both | S— 25 — Ly
edges specified)

Timer clock pulse width (phase | S— 25 — e
measurement mode)

o SN

troco

Output
compare
output

Input $
capture
input -5

Figure 22.23 MTU /O Timing

o S\,
trcks treks
<
TCLKA >
to TCLKD
‘< l=

trokwe trokwH

Figure 22.24 MTU Clock Input Timing
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22.3.6 IO Port Timing

Table 22.10 I/O Port Timing (Conditions: Ve =5.0 V+10%, AV =5.0 V£10%, AV =
Vee 2 10%, AVgge =4.5 V t0 AV, Vg = AV = 0 V, Ta = 20 to +75°C)

Item Symbol Min Max Unit Figure
Port output data delay time towo — 100 ns 22.25
Port input hold time by 35 —_ ns
Port input setup time trs 35 — ns
T1 L T2
CK [_\‘
tprs tpau
Port n
(Read) 5
trwp
Port
(Write)

Figure 22.25 1/O Port I/O Timing

2237 Watchdog Timer Timing

Table 22.11 Watchdog Timer Timing (Conditions: Vo =5.0 V£ 10%, AV =5.0 V£ 10%,
AV =V 210%, AVigr = 4.5V 10 AV ¢, Vs = AV = 0 V, Ta = 20 to +75°C)

Item Symbol Min Max Unit Figure
WDTOVF delay time twovo — 100 ns 22.26
CK twovp twovp
WDTOVF

Figure 22.26 Watchdog Timer Timing
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223.8  Serial Communication Interface Timing

Table 22.12 Serial Communication Interface Timing (Conditions: Vo = 5.0 V £ 10%, AV
=50V +10%,AV =Vt 10%, AV =45 Vto AV, Vis = AV =0V, Ta

=20 to +75°C)

Item Symbol  Min Max Unit Figure
Input clock cycle [ 4 — toe 2227
Input clock cycle (clock sync) Lo 6 — tye

Input clock pulse width | 0.4 0.6 tye

Input clock rise time L — 1.5 Ly

Input clock fall time — 15 toe

Transmit data delay time (clock sync) t, —_ 100 ns 22.28
Receive data setup time (clock sync) 1y 100 — ns

Receive data hold time (clock sync)  t, 100 — ns

SCK0, SCK1

tseye

“ P

Figure 22.27 Input Clock Timing

tSC (]
SCKO, SCK1 _m ; ;1 ZL_\__/_\_

trxp

TXDO, TXD1 >< ><
(Transmit data)

tRxs —» (e e

Rosidicd ()

Figure 22.28 SCI IO Timing (Clock Sync Mode)
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22.3.9 A/D Converter Timing

Table 22.13 A/D Converter Timing (Conditions: Vo =5.0 V+10%, AV =5.0 V £ 10%,
AVic=Vec 1 10%, AVpgr =45V t0 AV, Vi = AV =0V, Ta = 20 to +75°C)

ltem Symbol  Min Max  Unit Figure
External trigger input pulse width traw 2 —_ Ly 22.29
External trigger input start delay time  tzq 50 —_ ns
A/D conversion time (40 states) tonv 42.5 425 t, 22.30
A/D conversion time (80 states) teony 82.5 82.5
1state
*_/ ./ "/ S N\
" trrew 11|, trrow N
ADTRG
input /!
trras
ADCR N4

Figure 22.29 External Trigger Input Timing

CK —

L]
paess Y

Sampling
timing

ADF

to | tspL " tcp

tconv

Figure 22.30 Analog Conversion Timing
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22.3.10 Measuring Conditions for AC Characteristics

¢ Input reference levels:
— High level: 22V
— Low level: 0.8 V

¢ Output reference levels:
— High level: 2.0V
— Lowlevel: 0.8 V

lou

LSI output pin DUT output

/;L Cu VRer

Note: C, is set with the following pins, including the total capacitance of the
measurement jig, etc:

30pF: CK, RAS, CASxx, RDWR, CS0-CS3, AH, BREQ, BACK, DACKO,
50 pF: DACK1, and IRQOUT
70 pF:  A21-A0, D15-D0, RD, WRxx
loL, lon:  Port output and peripheral module output pins other than the above.
See table 22.3, Permitted Output Current Values.

Figure 22.31 Qutput Test Circuit
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22.4  A/D Converter Characteristics

Table 22.14 A/D Converter Timing (Conditions: Vo =50 V+10%,AV =50V + 10%,
AVec=Vec210%, AV =4.5 V10 AV, Vg = AV = 0 V, Ta = 20 to +75°C)

28 MHz 20 MHz
Item Min Typ Max Min Typ Max Unit
Resolution 10 10 10 10 10 10 Bits
Conversion time — — 2.9 — — 4 us
Analog input capacitance — — 20 — — 20 pF
Permitted signal source — — 1 — — 1 kQ
impedance
Non-linear error — —_— TBD — — TBD LSB
Offset error — — TBD — — TBD LSB
Full-scale error — — T8BD — — TBD LSB
Quantization error - —_ TBD — — TBD LSB
Absolute error — — 8 — — 8 LSB
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