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N EC pPD4216400, 4217400
NEC Electronics Inc. Dynamic CMOS RAM
T-Hle-2AI-T
Description O 4K refresh cycles every 64 ms (4216400); 2K refresh
The ;PD4216400 and the LPDAZI7400 are TaSLPAGE o S mscae S0y (400 LU, 24-pin plast
) . : pin plastic SOJ (400 mil), 24-pin plastic ZIP,
dynamlq RAMs organized as 4,194{304 words by 4 bits and 28/24-pin plastic TSOP packaging
and designed to operate from a single +5-volt power
supply. Advanced polycide technology minimizes sili-  pijn Configurations
con area and provides high storage cell capacity, high
performance, and high reliability. A single-transistor D7 Z
dynamic storage cell and CMOS circuitry throughout 26/24 Pin Plastic S0J
ensure minimum power dissipation, while an on-chip {PD4218400, 4217400
circuit internally generates the negative-voltage sub-
strate bias—automatically and transparently. Vec g1 28 [1 GND
. —_ o012 27vo,
The three-state |/O pins are controlled by CAS indepen- vo, O 3 26 1 ¥0q
dent of RAS. After a valid read or read-modify-write Wea 25 |1 CAS
cycle, data is held on the outputs by maintaining CAS RAS (s 24 [1OE
low. Data outputs return to high impedance when CAS *AnOe 231 Ag
goes high. Fast-page read and write cycles can be
executed by cycling CAS.
. ApgOo 201 Ag
Refreshing may be accomplished by means of a CAS Ao 10 1wha,
before RAS cycle that internally generates the refresh A 18 [1 Ag
address. Refreshing may also be accomplished by Az 12 170 As
means of RAS-only refresh cycles or by normal read or Az[]13 16 0 Ag
write cycles. Vee O 14 15 7 GND
Two versions of the 4,194,304 x 4-bit DRAM are avail- *Pin 8 is NC for 4217400 PR,
able. The uPD4216400 version uses 4096 address com-
binations of Ay - A4y to refresh the memory during @  24-pin Plastic ZIP
64-ms refresh period. Row address combinations Ag -
A1 and column address combinations Ag-Ag are |LPD4216400, 4217400
used for accessing the memory during read, write, and A 1R 5
read-modify-write cycles. 3—35 : 4 V0
The uPD4217400 version uses 2048 address combina- Vea 7 o P
tions of Ag - Ayp to refresh the memory during a 32-ms Vo, 9 P
period. Row and column address combinations Ag - RAS 11 12 Aqye
Ao are used for accessing the memory during read, A;‘: . 14 Ag
write, and read-modify-write cycles. Ag 17 16 Az
GND 18 ;z X‘CC
Features :5 ;; 22 Ag
O 4,194,304 by 4-bit organization i € B
0 Single +5-volt power supply * Pin 12 is NC for 4217400 .
O Fast-page option
B Low power dissipation
O CAS before RAS refreshing
0O Multiplexed address inputs
0 On-chip substrate bias generator
O TTL-compatible inputs and outputs
O Nonltatched, three-state outputs
O Low input capacitance
B80161-1 '
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"'Pin Configurations Pin Identification
Name Function
28/24-qu Plastic TSOP (Normal Pinouts) o An Address inputs (/PDA216400)
WPD4216400, 4217400 : Ag - Ao Address inputs (uPD4217400)
vee 1o N 28PGND 1/Oq - /04 Data inputs and outputs
vo, g2 27 [1 104 CAS ' Column address strobe
Vo, ] 3 26 [1 V03 —
W 25 M EAs - OE : Output enable
RAS 5 24 O CE RAS Row address strobe
YA Qs #BHAs . o WE Write enable
-7 GND Ground
Ao [} 9 20 [ Ag Voo © +5-volt power supply
Ag ] 10 1911 A7 - :
Agn 181 A Absolute Maximum Ratings
Az ] 12 17 A5 - -
Ay 13 1A, Voltage on any pin relative to GND -1.0to +7.0V
Voo O 14 ©15 [1 GND Operating temperature, Topr Oto +70°C
* Pin 6 is NC for 4217400 Storage temperature, TgTa ~55 to +125°C
Suffix ~7JD in the package identifier Short-cireuit output current, log 50 mA
denotes normal pinout sequence.
B3FM-B445A Power dissipation, Pp 1.0W

Exposure to Absolute Maximum Ratings for extended periods may
affect device reliability; exceeding the ratings could cause perma-
nent damage. The device should be operated within the limits

28/24-Pin Plastic TSOP (Reverse Pinouts)

LPD4216400, 4217400 specified under DC and AC Characteristics.

GND []1 I®) o28 [vee

Vo, 2 270wy - Recommended Operating Conditions

Vo3 O 3 26 [1 10, -

s s 25 W Parameter Symbol Min Typ Max . Unit
CEQSs 24 [1RAS i Input voltage, high ViH 2.4 Veg+10 V
Ao e P At Input voltage, low Vi -1.0 0.8 v

-7KD Supply voltage Voo 45 50 55 v
Ag ]9 20 P11 A0 Ambient temperature  Ta o] 70 °C
Az Q10 19 [1Ag
Asgm 1B Ay Capacitance
As12 170 Az Tp = 25°C;f= 1 MHz
Ay []13 16 [0 Ag ” -
anoH 14 O 15 P vee Parameter Sym Max  Unit  Pins Under Test
Input capacitance  Cpy 5@ pF Addresses

* Pin 23 is NC for 4217400 —
Suffix —7KD in the package identifier Cp 79 pF RAS, CAS, WE, OE |
denotes reverse pinout sequence.

BIFM-B44TA Input/output Co 7 pF 1/O1 - /O4
capacitance

* Values in parentheses are for the ZIP package.
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Ordering Information, yPD4216400 (4K Refresh Cycles)

RAS Access R/W Cycle Fast-Page )
Part Number Time (max) Time (max) Cycle (max) Package
1PD4216400LE-60 60 ns 110 ns 40 ns 28/24-pin plastic SOJ (400 mil)
LE-70 70ns 130 ns 45 ns
LE-80 80 ns 150 ns 80 ns
LE-10 100 ns 180 ns 60 ns
©PD4216400V-60 60 ns 110 ns 40 ns 24-pin plastic ZIP
V-70 70 ns 130 ns 45 ns
v-80 80 ns 150 ns 50 ns
V-10 100 ns 180 ns 60 ns
LPD4216400G5-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (normal pinouts)
G5-70 70 ns 130 ns 45 ns
G5-80 80 ns 150 ns 50 ns
pPD4216400G5M-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (reverse pinouts)
G5M-70 70 ns 130 ns 45 ns
G5M-80 80 ns 180 ns 50ns

Ordering Information, uPD4217400 (2K Refresh Cycles)

RAS Access R/W Cycle Fast-Page
Part Number Time (max) Time (max) Cycle (max) Package
pPD4217400LE-60 60 ns 110 ns 40 ns 28/24-pin plastic SOJ (400 mil)
LE-70 70 ns 130 ns 45 ns
LE-80 80 ns 150 ns 50 ns
LE-10 100 ns 180 ns 60 ns
uPD4217400V-60 60 ns 110 ns 40 ns 24-pin plastic ZIP
v-70 70 ns . 130 ns 45 ns
v-80 80 ns 150 ns 50 ns
V-10 100 ns 180 ns 60 ns .
uPD4217400G5-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (normal pinouts)
GS5-70 70 ns . 130 ns 45 ns
G5-80 80 ns ) 150 ns 50 ns
uPD4217400G5M-60 60 ns 110 ns 40ns 28/24-pin plastic TSOP (reverse pinouts)
G5M-70 70 ns 130 ns 45 ns
G5M-80 80 ns 150 ns 50 ns
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Block Diagram

RAS AAS Clock CAS Clock
Generator Generator —
[ r WE Clock
s __ _— WE Generator
CAS Before RAS l
OE Clock
Internal Refresh 5 Generatar
Clock Data-in
[— Butfer
1 O+
Data VO Bus
Refresh Address I_ VO4
Counter
Data-out
Coiumn Decoder Buttor
Sense Amplifier T
Ay o
Ap =
2l g 5
g4 ¢ | E @
Ag » B »m- a §
Az . § § & Memory Array
A7 . § ‘%
Ag *
A9 .
A -
(LPD4216400) Agy —=
89FM-78628
DC Characteristics
Ta= 0to +70°C; Vg = +5.0V *£10%
Parameter Symbol Min Typ Max Unit Test Conditions
Standby current leo2 2.0 mA RAS = CAS 2 V| (min); Io = O mA
1.0 mA RAS = CAS 2 Vg -02V;lp = OmA
input leakage current [T -10 10 uA VIN = 0V to Vg all other pins not under test = 0V
Output leakage current loy -10 10 HA Doy disabled; Voyr = 0V toVge
Output voltage, low VoL 0.4 v lop = 42mA
Qutput voltage, high VoH 24 v loH = ~5mA
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AC Characteristics
Ta = O0to +70°C; Voo = +5.0V *£10%

-60 -70 -80 =10
Parameter Symbol Min Mex Min Max Min Max Min Max Unit Test Conditions
Operating current, lcct 20 80 70 60 mA  RAS and CAS cycling;
average (4216400) tpc = tge min;
lect 110 100 %0 80 mA lo=0mANoteS
(4217400)
Operating current, RAS- Iccs 20 80 70 60 mA  RAS cycling; CAS 2 Viy;
only refresh cycle, (4218400) tpc = tge min;
average leca 110 100 o0 80 mA lo = 0 mA (Note 5)
(4217400)
Operating current, fast- Iccs 70 60 50 40 mA  RAS s Vy; CAS cycling;
page cycle, average (4216400) tpc = tRg min;
loca 70 60 50 40 ma lo= 0mANoteS)
(4217400)
Operating current, CAS lccs 90 80 70 60 mA  RAS cycling; CAS before
before RAS refresh cycle,  (4216400) RAS; tre = tgg min;
average lecs 110 100 %0 80 mA lo = 0 mA (Note 5)
(4217400)
Access time from column  tap 30 35 40 50 ns  (Notes 3, 4,7, 8)
address
Access time from CAS tace 35 40 45 &5 ns  (Notes 3,4,7, 8
precharge (rising edge)
Column address setup tasc 0 0 0 0 ns
time
Row address setup time tASR ) 0 0 0 ns
Column address to WE tawp &5 60 70 85 ns  (Note 14)
delay time
Access time from CAS teac 15 18 20 25 ns (Notes 3,4,7,8)
(falling odge)
Column address hoid tcAH 15 15 15 20 ns
time
CAS pulse width tcas 15 10,000 18 10,000 20 10,000 25 10,000 ns
CAS hold time for CAS teHR 10 10 10 10 ns
before RAS refresh cycle
CAS to output in low toLz 0 [+] 0 0 ns (Notes 4,7)
impedance
Fast-page CAS precharge tcp 10 10 10 10 ns
time
TAS precharge time tcpn 10 10 10 10 ns
CAS to RAS precharge tcrp 5 5 5 5 ns  (Note 10}
time
CAS hold time tesH 60 70 80 100 ns
CAS seotup time for CAS tcsh 5 5 5 & ns
before RAS refresh cycle
CAS to WE delay towd 40 43 50 60 ns  (Note 14)
Write command to CAS towr 15 15 15 20 ns

lead time
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AC Characteristics (cont)

. -60 -70 -80 . 10 )
Parameter Symbol Min Max Min Max Min Max Min Max Unit TestConditions
Data-in hold time toH 10 15 IRE C20 ns . (Note 13)
Data-in setup time tps [o] [ 0 0 ns  (Note 13)
Access time from OE toga 15 18 20 25 ns  (Notes 3,4,7, 8)
OE delay data time toep 15 15 20 25 ns
OE command hold time  togn 0 0 0 0 ns
OE to inactive setup time  togg 0 “ns
Output turnoff delay from  topz [ 15 0 15 0 20 [ 25 ns  (Note 9)

OE
Output buffer turnoff torr 0 15 0 15 0 20 0 25 ns  (Note 9)
delay )
OE to output in low-Z toLz 0 0 0 0 ns (Notes 4,6, 7)
Fast-page cycle time tpe 40 45 50 60 ns  (Note 6)
Fast-page read-modity- tpAWC 85 90 105 120 ns  (Note 6)
write cycle time
Access time from RAS traC 60 70 80 100 ns (Notes 3, 4,7, 8)
RAS to column address taaD 15 30 15 35 17 40 17 50 ns  (Note 8)
delay time
Row address hold time tRAH 10 10 12 12 ns
Column address lead tRAL 30 35 40 50 ns
time referenced to RAS
(rising edge)
RAS pulse width tRAS 60 10000 70 10,000 80 10,000 100 10,000 ns
Fast-page RAS pulse trasp 60 125000 70 125000 80 125,000 100 125000 - ns
width
Random read or write the 110 130 150 180 ns  (Note 6)
cycle time
RAS to CAS delay time treD 20 40 20 50 25 60 25 75 ns  (Note 8)
Read command hold time  tpcH 0 0 0 0 ns  (Note 11)
referenced to CAS
Read command setup tRes [ [ o] o ns
time
Refresh period tREF 64 64 64 64 ms  (Note 16)
tREF 32 32 32 32 ms  (Note 17)
RAS hold time from CAS  tpucp 35 40 45 55 ns )
precharge
RAS precharge time tRp 40 50 60 70 ns
RAS precharge CAS hold  tppg 5 5 5 5 ns
time
Read command hold time  tpry 0 0 0 0 ns  (Note 11)
referenced to RAS .
" © RAS hold time tRsH 15 18 20 25 ns
" Read-write cycle time thwe 160 180 205 245 ns  (Note 6}
RAS to WE delay thwD 85 95 110 135 ns  (Note 14)
Write command to RAS tRWL 20 20 20 25 ns
lead time
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AC Characteristics (cont)

-60 -70 -80 -10

Parameter Symbol Min Max Mir Max Min Max Min Max Unit TestConditions
Rise and fall transition ty 3 50 3 50 3 50 3 50 ns (Note 4)
time

Write command hold tweH 10 10 15 20 ns  (Note 12)

time

Write command setup twes 0 0 0 0 ns  (Note 14)

time o o
WE hold time tWHR 15 15 15 20 ns

Write command pulse twp 10 10 15 20 ns  (Note 12)

width
WE setup time twsh 10 10 10 10 ns

Notes: .

(1) Al voltages are referenced to GND. (14) twes, tawp: towps and tawp are restrictive operating parame-

@

An initial pause of 100 us is required atter power-up, followed by
any eight RAS cycles, before proper device operation is
achieved. At the end: of the_initial power-up sequence, it is
recommended that either a RAS-only or CAS before RAS refresh
cycle be executed while WE. = Vyy to ensure normat operation.

Ac measurements assume tr = Sns.

Viy (min) and Vi (max) are reference levels for measuring the
timing of input signals, Transition times are measured between
Viy and V).

lee1 lcea: leca, and Igcs depend on output loading and cycle
rates. Specified values are obtained with the output open. lgcs
is measured assuming that all column address inputs are held at
either a high level or a low level during RAS-only refresh cycles.

lccas is measured assuming that all column address inputs are

switched only once during each fast-page cycle.

()

ters in read-write/read-modify-write cycles only. f twcs = twes
(min), the cycle is an early write cycle and the data IfO pins will
remain open-circuit throughout the entire cycle. ftcwp = tcwp
(min), tawp = tawp (Min), and tawp = tawp (Min), then the cycle
is a read-write cycle and the data I/O pins will contain data read
from the selected cells. If neither of the above conditions is met,
the condition of the data I/O pins (at access time and until CAS
returns to V) is indeterminate.

Assumes that the test mode has been set, A test mode may be
initiated by executing a CAS before RAS refresh cycle with WE
held at V) . This mode also may be inadvertently initiated during
power up because external control of the signal lines is very
difficult during this period. It is therefore recommended that
while WE is held at Vjy, either a RAS-only or a CAS before RAS
refresh cycle should be executed at any time after the end of the
initial power up sequence to ensure normal device operation.
Contact your NEC Electronics sales representative for more

(6) The minimum specifications are used only to indicate the cycle detalls
time at which proper operation over the full temperature range '
(TA=0to +70°C) is assured. (16) The pPD42;6400 RAi—only refre:t;(()ﬂ(;ﬂ) <:yc|ef us;s :096 exter-
_ nal row address combinations of Ag - Aqq to refresh the memory
(?) Load = 2TTL (-1 mA, +4 mA) loads and 100 pF. during a64-ms refresh period {tge ). Row address combinations
8) Kt < max) and t, < ¢ max) access time is of Ag - A11 and column address combinations of Ag - Ag are used
RCD ACS RAD RAD 11 9
defined by tpac (max). f tgep = tpcp (max) access time is to access the memory during read, write, and read-modity-write
defined by max) and if t =t max) access time is cycles. CBR (CAS before RAS) and hidden CBR refresh cycles
teac RAD = 1RAD
defined by taa (max). use 4096 internal row address combinations of Ag-Aqq to
) topr (max) and topz (max) define the time at which the cutpits refresh the memory during a 64-ms refrash period {pgr).
become open-circuit and are not referenced to Vo or Vg . (17) The uPD4217400 RAS-only refresh (ROR) cycle uses 2048 exter-
t ; hould be licable for RAS/CAS cvel nal row address combinations of Ag - Ayq to refresh the memory
(10) E:eece%gz r::::;n:z::: ou applicable for RAS/CAS eycles during a 32-ms refresh period (tger). Row and column address
) ’ o combinations of Ag - Ayg are used to access the memory during
(11) Either tppy or tgey must be satisfied for a read cycle. read, write, and read-modify-write cycles. CBR (CAS bafore

(12) Parameter typ is applicable for a delayed write cycle such as a

read-write/read-modify-write cycle. For early write cycles, both
twcs and tycH must be met.

(13) These parameters are referenced to the falling edge of CAS for
early write cycles and to the falling edge of WE for delayed write
or read-modify-write cycles.

RAS) and hidden CBR refresh cycles use 2048 internal row
address combinations of Ag - Aqg to refresh the memory during a
32-ms refresh period (trgf).
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Timing Waveforms

Read Cycle
trc In
e tRAS—
| — / Y
s \ / A
tCRP—3»| i‘ tRSH —— tRP——>»
tesH
le————!RCD L IcAS >
CAs
Address
1,
tRCS le— rt—IRCH —»]
= [T N\
WE
€ tOES »
le——tOEA—3»]
= \ \
a3 1CAC 3] [&—tOFF —»
7 tAA 10EZ —>
< tRAC:
) 4 4 X High Impedance
InputrOutput High Impedance Valig Data-out per mpecenes
r oLz
1CLZ —

83vB-67798
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Timing Waveforms (cont)

Early Write Cycle

tRC >

le—————tRCD————»e——————————1ICAS———————————>»

l‘*‘ﬁm’—> I‘—"RSH—) le——tRp—>
3 tcsH

'<rtAsa-—> [e—tRAD — tRAL »  e——ItCPN—>

'RAH 1ASC—» [« tCAH
e FOK ?@ G

™

-l

twes » e

AN - LI

'DS—)I [ h—"——‘—tDH‘—""—>

Data-in

Input/Output

Note:
(1} OF = don't care.

83YL-6978B
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Timing Waveforms (cont)

Late Write Cycle

—ICRP— : i: tRSH » lE——1RP—
1CSH
'ACD > tcas >

= _/ ]\ N\ VWi R

S
=T\ T
7///////////////////////[0 L NIANIATAARA MR

I‘—IDS-) le——tpH—— >

Input’Output
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Timing Waveforms (cont)

Read-Write/Read-Modify-Write Cycle

tRWC >
tRAS t
JE— p y
RAS
N 1 \
tRSH le——— trp——»
< tCcsH >
) I(——‘ORP—) l«——1tRCD ‘ tcAs———————————>
— N Y
o ) 7 X
X ¥,
l€—tASR > [€—1RAD—> TRAL > [e—ICPN—

Address m

BRI DN
= /N T
® \ \ |/ AL
I t?(:z tOED I(_) t:s—ton—>
InpuvOutpt | High Impedanico Fy pyalid Datain
— ¥
w2

83Y1-60808
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Timing Waveforms (cont)

Fast-Page Read Cycle

tRASP >
_ v y

RAS N / \_
|<—-mncp—-——>

le— tcgH—— le————tpc le——tRSH—— [e—tRp—m

ICRP|<-> l€— tRCD—le——tcag———>» le——tcag— l«—1Icas tCPN—
JE— Y X 4 X 4
a  f \ 7 N 7 N \

LASR tASC —» tcp le—tCAH: tcp l€tca
tRAH <—ICAH+| tasc I—)I - tasc | e
Address M Row ! Column m_mlumn Column
t |< | | |<—>
& tRAD> — tRcs —|j i tRCS 'RRH

RAL-
‘lms—>| IRCH —»| tRCH —» ’4 ‘ ‘ tRCH

l(—llAA —> I(—tAA—)

1
e taa — [€——1ACP—> [€——1ACP— >
tOEA> l [«—tOoES
= \ AN VA W
| | |
| tCAC—> tOEZ tOEAM 10EZ toEZ
je——tgac——>]  LOFF l(—» le—tCAC—»  lOFF I(—» l€-LCAC toFF
High | 4 \ 4 X High
Il m| ance
InpurOutput gh Imped {X veid pamout { & Vaild Data-out ? 4 ) vaiia Dam-our pimRedance
L_’ toLz <—» 10L.Z e 1) 7
tcLz tclz toLz [«

83vB-67068
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Timing Waveforms (cont)

Fast-Page Early Write Cycle

tRASP >

RP

|
|
|
i
T

Y

icp t
tcap}(—» |———tRCD——lt——{(CAS ] » le——1icAs—» <& <———tm541 1CPN—>

Note:
[1] OF = don't care.

83YL-6081B
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Timing Waveforms (cont)

Fasi-Page Late Write Cycle

< tRASP >

" 4

s N ] \_
le— tcsgH———>» lg—————1pg —————»] j&——tRSH—>| l&—tRP—»
t 1
tcnPI‘" e ——theD— e tcas— | |eT0n| fe——toas— | [ e——tcas 1CPN
o
IASRH <—>|:RA||-1

Address W Row m

tRCS

= T
= I,

L AN

tDH

" Input’Output

14




N E C ELECTRONICS INC L1E D N LY427525 0033970 2bb EENECE
N NS pPDA4216400, 4217400

Timing Waveforms (cont)
Fast-Page Read-Write/Read-Modify-Write Cycle

IRASP:
. \
RAS N
tPRWC > 'RP
10RP|<—> <——1RCD tCAS tep—> [————1cps————» toPN—>]
__ / Y
cAs }l \\ \ )[ \

[€tRAD
t Lt~ 1CAH -] t >
ASR e CAH RAL: :
IRAH tASC tAQC &> |€tCAH
| |
\ 4 y
K

|
) » TRC! ZRWD toWL [=—> tRCS - ::v:lt?
[e——tCwWD —| o "_» | ——— tCWD —— twp
w 1//1011] Nt/ |\ A
TAWD——> < tawp———>
[e——tAA —> le——tAA —3»

LoEA —»| [ Ing
tcac | LetpH > 1CAC toH
I 4 X Highl , High Impedance
InpuvOutput High impedance Data- Daiain -HEf mpotance oh Imp

out 7
oLz e

oLz —> 10z tcrz
l&———— tRAC ]
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Timing Waveforms (cont)
Hidden Refresh Cycle

l&———— Memory Cycle —————|«— CAS Before RAS Cycle —»]«——— GAS Before RAS Cycle —>
/G tRC >l tRC
le—— IRAS———————» re———tRAS:

'RAS

|
Address M Row
¥,

Column

'«—rml:s"l

| I
RAS
\i 7 \ \_
€ tRSH-3 [«€-IRP-> IRP-3 [€&———1CHR ———>] LRP->
tcRp le—tRCD ICAS le—tcPn
7 \
&S /45’/" N )
1ASC
'RAH - tCAH
tASR(‘—)’ €tRAD L{RAL-
|

WHR I<——>

= T LIV

=/ \_\

A

—lOES—»|

{OEA —»] 1OFF
e—tcACc— > toEz
re—toLz
r \ High
High Impedance " Impedance
Input/Qutput Valid Data-out }—
K 7
i ¥4
tAA
[e—————1ipAC———»|

B3VB-67658
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Timing Waveforms (cont)

RAS-Only Refresh Cycle
tRc o
tRAS 3|
M — JZ ,
RAS S( N
1CRP -1 > tAPC
CAS if) \}}EE}EEEEE\

'«—‘Asa—» e RAH->]

Input/Output

Notes:
{1] WE = OE = don't care.
83vVB-67638

CAS Before RAS Refresh Cycle

Y

ICSR—»] je-ICHR IRPC [<— —>| e tcrp
(Ts W

‘<-twsR—>| I‘-‘wm»'
= 1 ALTELEEI TRV

High impedance

Input’Output
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